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COLORIMETRIC DETERMINATION OF SERINE 


By M. JOHN BOYD anv MILAN A. LOGAN 


(From the Department of Biological Chemistry, College of Medicine, University 
of Cincinnati, Cincinnati) 


Received for publication, September 3, 1942) 


Nicolet and Shinn (1, 2) were the first to show that serine on oxidation 
with periodate yields formaldehyde quantitatively. The periodate reacts 
with serine according to the equation, HCH(OH)-CH(NH,)-COOH + 
NalO, = HCHO + NH; + CHO-COOH + NalQs. 

The formaldehyde was estimated by weighing the precipitate formed 
with dimedon according to Vorlainder’s (3) procedure. Threonine on 
oxidation with periodic acid yields acetaldehyde quantitatively, which 
also precipitates with dimedon. In order to determine serine in amino 
acid mixtures the acetaldehyde was removed by aeration and the formalde- 
hyde precipitated in the reaction mixture. Analysis of aliquots con- 
taining 10 to 20 mg. of serine have so far been reported. Martin and 
Synge (4) also report reactions of periodate with hydroxyamino acids. 
Van Slyke et al. (5) have determined the hydroxylysine content of protein 
hydrolysates by estimating the NH; liberated in the periodate reaction. 

Our interest in this procedure arose from the necessity of determining 
serine accurately in amounts not exceeding 1 to 5 mg. in amino acid mix- 
tures which originally contained a preponderance of cysteine. The 
possible interference of this amino acid in the serine determination has 
evidently not previously been considered. 

We have found that formaldehyde can be quantitatively distilled from 
the reaction mixture without decomposition of periodic acid in the presence 
of adequate amounts of arsenite. The formaldehyde thus obtained is 
estimated colorimetrically with the aid of Eegriwe’s reagent (6) 1,8-dihy- 
droxynaphthalene-3 ,6-disulfonic acid (chromotropic acid), the error not 


HO OH 


1 ,8-Dihydroxynaphthalene-3 ,6—disulfonic acid 


exceeding 1 to 2 per cent. This reagent is specific for formaldehyde and 

produces no color with acetaldehyde or higher homologues. 50 to 100 y 

of formaldehyde in a volume of 50 cc. produced adequate color for estima- 

tion in a Duboseq colorimeter. If the reagent is purified and the color 
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developed according to the directions given below, color production is 
proportional to the concentration within 2.0 per cent when the unknown 
differs from the standard by not more than 50 per cent he procedure 
has the additional advantage in that it is completed in a few minutes. 
Dimedon precipitation, on the other hand, is not completed in less than 
18 to 72 hours. 

Reagents 

Potassium arsenite, 25 per cent 25 gm. are dissolved in water and 
made up to 100 ce 

Periodic acid, 0.56 mM. 11.4 gm. are dissolved in water and mad up to 
100 ec. and filtered if not clear. 

Methyl red; saturated aqueous solution in 0.05 N HCl. 

Formaldehyde stock standard. LOO gm. of paraformaldehyde in 100 
ec. of water are hydrolyzed with 20 cc. of 2 N H.SO, by heating at 90 
until no precipitate of paraformaldehyde remains. It is then steam- 
distilled according to the procedure of Weinberger (7). The distillate is 
returned to the original flask and redistilled after addition of 10 ce. of 2.x 
H,SO,. The stock formaldehyde solution thus obtained should be ap 
proximately 6 M. If l ee. of 2N H.sé Ms per liter is added to the stock solu 
tion, no perceptible change in the concentration of the formaldehyde takes 
place over a period of a month. It is standardized essentiall) according 
to the procedure of Romijn (8) as follows: 

An aliquot equivale nt to 0.2 to 0.3 ee. of the stock solution is added to 
20 ec. of 0.12 N KCN To this are added 25 cc. of standard 0.100 

Ag N( ». and 3 ee. of concentrated HNO, The solution is diluted to LOO 
ec. in a volumetric flask, filtered, and 75 cc. of the filtrate are titrated with 
0.1 N NHSCN, 5 ec. of saturated fe rric ammonium sulfate he ing used to 
detect the end point. The KCN solution is standardized by the same 
procedure except that no aldehyde is added. 

Working standard. A portion of the stock standard is diluted with 
water to contain 15 y of formaldehyde per ce. This standard should be 
discarded if it is more than 24 hours old. 

Chromotropic acid, 0.1 m. 0.9 gm. of the crystals is dissolved in 25 ce 
of water in a small vessel which can be stoppered. Approximately 50 mg 
of SnCl. are added, and the solution shaken and centrifuged until clear 
The solution keeps for at least 2 days if it is not exposed to the air except 
for withdrawal of samples. 

Purification of chromotropic acid. 25 gm. of the impure, colored 
chromotropie acid are dissolved in 100 cc. of water in a flask on a steam 
bath 2 gm. of PhCO,; are added. After solution has occurred, H.S is 
bubbled through the solution until all the lead is precipitated. The flask 
is stoppered and the PbS allowed to settle. If the supernatant liquid is 
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not pale yellow, more PbCO; and HS are added. The solution is filtered 
or centrifuged hot without contact with air. The flask is stoppered and the 
substance crystallized at 4°, filtered with suction, washed with alcohol and 
ether, and dried in a vacuum desiccator. The product should be nearly 


white. 


Procedure 


A neutral solution containing 1 to 5 mg. of serine and 3 drops of methyl 
red is introduced into a 300 cc. Kjeldahl flask... To this are added 4 cc. of 
25 per cent of potassium arsenite and 2.5 to 2.8 cc. of 0.5 m periodic acid. 
The last 0.5 cc. of periodic acid is added drop by drop with continuous 
gentle shaking. Addition of periodic acid should be stopped when the 
mixture is acid to methyl red. A pinch of tale and enough water to make 
the final volume 70 cc. are now added. The Kjeldahl flask is placed in an 
upright position and connected to a vertical water condenser, the cooled 
surface of which is 25 to 35 cm. in length. Sufficient water to cover the 
end of the condenser tube (5 to 10 ec.) is placed in a receiver and the solu- 
tion distilled over until about 5 cc. remain in the Kjeldahl flask. Several 
times during the distillation the contents of the flask are given a swirl to 
wash down the iodate, which splatters and becomes dried on the sides of 
the flask. This precaution should be observed particularly near the end 
of the distillation. Distillation is complete after 10 to 12 minutes of vigor- 
ous boiling. The final volume of the distillate is made to 100 ce. 

Colorimetric Estimation—5 ec. of standard formaldehyde solution (con- 
taining 15 y per cc.) are pipetted into a 1 X 8 inch test-tube graduated at 
50 ec. An amount of the distillate containing from 50 to 100 y of formal- 
dehyde is added to a similar tube. To each tube is added 0.5 ec. of 0.1m 
chromotropic acid and enough water to make the final volume 17 ec. The 
tubes are cooled in an ice bath and 10 ec. of concentrated sulfuric acid 
added to each during 40 to 45 seconds with gentle shaking. The tubes are 
kept in the bath until the solutions are again cooled to the temperature 
of the bath. They are then made to the mark by allowing concentrated 
sulfuric acid to flow down the center of the tubes. The temperature of 
the contents rises to about 80°. The tubes are now heated for 10 minutes 


1 Amounts of serine as small as 200 y would presumably be adequate for analysis if 
the distillation procedure was modified to recover the formaldehyde quantitatively 
in 17 ec. or less of distillate. The distillation procedure adopted permits analysis 
of serine in amounts which are likely to be frequently available. It has the ad- 
vantage of simplicity and affords the opportunity of repeating the colorimetric 
estimation on more than one aliquot of the distillate. The colorimetric estimation 
can therefore be made with an optimum amount of formaldehyde, even though the 


serine content of the unknowns varies over a wide range. 
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in a boiling water bath, cooled to room temperature, and color comparison 
made in a colorimeter equipped with paraffined or all-glass cups, within 
an hour. Micrograms of formaldehyde X 3.50 = micrograms of serine, 


Results 


Proportionality—Table I shows that the intensity of color produced 
by the reaction of formaldehyde with chromotropic acid is proportional to 
the concentration of the formaldehyde within 2.0 per cent, provided the 
unknown differs by not more than 50 per cent from a standard containing 
1.4 to 1.5 y perce. The deviation from proportionality may be 4 to 5 per 
cent if an unknown differs by 50 per cent from a standard containing only 
0.7 y of formaldehyde per cc. Consequently aliquots of the distillate con- 


TABLE [| 


Formaldehyde Concentration and Color Intensity 
‘ " . . levi ti fro k 7 
Reading of unknown Formaldehyde present Formaldehyde found Deviats 7 —— =aeue 
ai -S 


- 
‘ 


2 y standard, set at 20 mm. 


mm Y 7 per cent 
39.1 36 36.7 +2.0 
26.4 54 54.5 +0.9 
16.1 90 89.5 —0.6 
13.6 108 106.0 —1.5 
11.8 126 122.0 —3.0 
36 y standard 
38.5 18 8.7 +3.8 
13.9 54 1.5 —4.5 


taining 50 to 100 y are compared with a standard containing 70 to 75 y at 
a volume of 50 ce. 

Estimation of Serine--Table II reveals the per cent recovery of serine 
alone and in the presence of other amino acids. In most cases the recovery 
of 1 to 5 mg. of serine was 99 per cent of the theoretical value. Threonine, 
which forms acetaldehyde with periodate, appears to have no effect upon 
the yield of serine. Furthermore, when serine is added to collagen hy- 
drolysate, it is completely recovered. 

There are indications that on standing cysteine is spontaneously con- 
verted in part to serine (Table II). Analysis of old samples of c.p. cysteine 
hydrochloride available in the laboratory were shown to contain 0.6 to 
1.0 per cent serine. Freshly prepared samples made from cystine, on the 
other hand, yielded only 0.2 per cent serine on analysis. 
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Analysis of Protein Hydrolysates—To test the applicability of the pro- 
cedure to the determination of serine in proteins, determinations were 
carried out on the hydrolysates of crystalline hemoglobin and egg albumin, 
and purified casein, collagen, and salmine. Recent determinations of the 
serine content of hemoglobin, egg albumin, and salmine were not found 
in the literature. To test the effect of carbohydrates, mannose, lactose, 
and glucosamine were added to collagen before hydrolysis. The rate of 


TABLE II 


Estimation of Serine 


Serine 


Substances other than serine added adiled Serine found Per cent recovery* 
meg. még. meg. 
0 1.00 0.98- 0.99 98.5 -— 99.2 
0 5.00 4.92- 5.05 98.5 -101.0 
0 50.0 18.80-48.5 97.0 -— 97.5 
Threonine 50.0 5.0 4.95-— 4.97 99.0 — 99.3 
” 100.0 5.0 1.91- 4.97 98.2 -— 99.3 
Glutamic acid 50.0 5.00 $.95- 4.97 99.0 -— 99.3 
Cysteine hydrochloride (old 1000 0 10.0 
- (new ) 1000 0 2.0 
Collagent 50 mg. 0 1.77-— 1.79f 
50 1.0 2.77— 2.831 | 100 -102 
50 ‘§ 2.0 3.84- 3.871 | 102 -103 
ie + mannose 10 0 1.71- 1.72q 97.0 -97.5 
50 ‘* + glucosamine 2.5 0 1.88} 105 
oe « a“ 10 0 2.71— 2.88f | 152 -161 
a * 0 0 1.88§ 
50 + lactose 2.5; 0 1.90- 1.92§ | 101 -102 


* Maximum deviation from the theoretical 

+ The substances indicated in the table were added to collagen. The mixture was 
hydrolyzed at 110° with 6.8 Nn HCl. Aliquots of the hydrolysate which contained 
before hydrolysis 50 mg. of collagen and the indicated amounts of other substances 
were taken for analysis. 

t Hydrolysis for 24 hours 

§ Hydrolysis for 6 hours 


liberation and subsequent destruction of serine by acid hydrolysis was 
tested on casein and collagen. 

The proteins were purified as follows: ‘Twice crystallized oxyhemoglobin 
was prepared according to the method of Taylor and Hastings (9). Egg 
albumin was recrystallized three times to eliminate ovomucoid which 
contains considerable polysaccharide. According to Levene and Mori 

10) thrice crystallized ovalbumin contains only 0.26 per cent polysac- 
charide. Collagen prepared from steer hide by a mild treatment with 
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alkali was kindly supplied by Dr. J. H. Highberger (11). It may contain 
approximately 0.5 per cent carbohydrate (glucose and galactose) (12). 
Casein was prepared from fresh milk by the method of Van Slyke and 
Raker (13). The filtrate from 0.5 gm. gave a negative test for free re- 
ducing sugar. Salmine was a commercial product. 

The method for preparing acid hydrolysates was as follows: 1 gm. of 
protein was placed in a 250 cc. Erlenmeyer flask, followed by the addition 
of 40 ec. of water and 50 ce. of concentrated HCl. The final concentration 
of the acid was about 6.8N. The flask was connected to a reflux condenser 


TaBLe III 


Serine Content of Proteins 


Serine N of 


Protein Serine in sample Total N of sample hedeobvente 

me me per cent total N 
Horse Hb* 2.17 6.60 4.38 
2.24 6.60 1 46 
Dog Hb* 2.14 6.57 4.30 
3.53 11.30 $.15 
Collagen (6 hrs. hydrolysis 1.88 7.73 3.24 
1.86 7.73 3.20 
Egg albumin 1.43 9.45 6.25 
+. 46 9.45 6 30 
Salmine 2.28 9.33 3.26 
2.26 9.33 3.2] 
Caseinf 2.57 7.14 1.78 
2.47 6.99 4.72 


* We are indebted to Mr. J. R. Braunstein for the preparation of the crystalline 
hemoglobin 

+ Two samples of this casein contained 0.21 mm of organic P and 0.53 mo of serine 
per gm After being dephosphorylated by treatment with 0.25 n NaOH at 34° for 
i8 hours before hydrolysis, it contained 0.33 and 0.34 mM of serine respectively. 
Nearly 40 per cent of the serine was destroyed Nicolet, Shinn, and Saidel (15 


obtained similar results with silk proteins 


and the contents boiled for 24 hours (unless indicated otherwise). The 
acid hydrolysate was brought to a volume of 100 ec. and 5 to 10 ec. aliquots 
analy zed for serine \ll hydroly sates were first adjusted to the alkaline 
side of methyl red before the addition of periodic acid. If the hydrolysate 
contained humin, the sample was centrifuged before analysis. Nitrogen 
was determined by the Kjeldahl procedure on all protein samples before 
hydrolysis. Organic phosphorus in casein was determined by the method 
of Fiske and Subbarow (14) 

Table III gives the serine content of proteins, expressed as per cent nitro- 








M. J. BOYD AND M. A. LOGAN 285 


gen of the total nitrogen. The serine and phosphate content of casein is 
also given in mm. ‘The result shows that casein contains more than 2 
moles of serine per mole of organic phosphorus. 

Liberation and De st) uction of Serine by Acid Hydrolysis Fig. ] shows 
that the serine of casein or collagen after its liberation is slowly destroyed 
by acid hydrolysis. The highest serine value for casein is obtained at 18 
hours hydrolysis. At 24 hours the value is only 1 per cent lower. The 
highest value for collagen is obtained in 3 hours. At 6 hours the result is 
] per cent lower 

Effect of Carbohydrates—Periodic acid reacts with carbohydrates to give 


formaldehyde. Carbohydrates contained in proteins may affect the serine 





AS PER 


a 
\ 


SERINE 








I } } 1 } . . 
Fie. 1. Libe t1o1 nd destruction of serine during the hydrolysis of casein and 


determination in the amino acid mixture prepared from them unless the 
sugar is completely converted to other compounds (presumably furfural 
derivatives) during the hydrolysis 

lable IL shows that mannose added to the extent of 20 per cent of the 
weight of collagen did not influen the serine estimation of the latter if 


the protein was hydrolvzed for 24 hours with 6.8 n HCl. Lactose added 


to the extent of 5 per cent ol the weight of the collagen did not influence 
the results after 6 hours hvdroly SIs Nicolet and Shinn (16) have shown 
that lactose did not increase the yield of formaldehyde if added to casein 
and subse juently hydroly zed for 24 hours with 20 per cent HCl. It is 
therefore reasonable to infer that the determined value of serine in casein 


] 


llagen (6 hours hydrolysis) is not appreciably 


24 hours hydrolysis) or collag 
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influenced by the carbohydrate of the proteins. On the other hand (Table 
Il), 1 mole of glucosamine (which is more stable to acid hydrolysis) yields 
approximately 0.1 mole of formaldehyde when added to collagen and hy- 
drolyzed for 24 hours with 6.8 n HCl. The interference of glucosamine 
is of such magnitude that the determination of serine in a mucoid might 
be seriously in error. The carbohydrate content of certain proteins such 
as thrice crystallized egg albumin (10) is so small, however, that it might 
be expected to have no influence on the serine determination even though 
the carbohydrate consisted essentially of glucosamine. 


Comment 


The serine values for the protein hydrolysates analyzed range between 
3.07 and 6.3 per cent (calculated as per cent N of the total nitrogen). 
These values include formaldehyde which may be derived from hy- 
droxylysine. However, Van Slyke, Hiller, and MacFadyen (5) have shown 
that most of the proteins analyzed for hydroxylysine do not contain over 
0.1 per cent of hydroxylysine expressed as per cent N of the total nitrogen. 
Only gelatin or collagen contains as much as 1.0 per cent of hydroxylysine. 


SUMMARY 


A colorimetric method for the measurement of serine in small amounts 
| to 5 mg.) has been developed. The formaldehyde which is formed by 
the action of periodate on serine is quantitatively distilled from the reac- 
tion mixture, condensed with 1,8-dihydroxynaphthalene-3 ,6-disulfonic 
acid, and measured colorimetrically with an error of not more than 1 or 2 
per cent. 
The procedure has been applied to known amino acid mixtures, acid 
hydrolysates of purified casein, collagen, salmine, crystalline egg albumin, 
and hemoglobin. Liberation and destruction of serine during hydrolysis 


of proteins have been studied. 
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\ig*+* and Mn** were recently observed (1) to facilitate the rapid estab- 
lishment of the phosphoglyceromutase-enolase equilibrium in a cell-free 
preparation of Escherichia coli. The study of the effect of the metal ions 
is extended in this communication. 

Metal ions, especially Mg++ and Mn*-, are required in many different 
enzyme systems, particularly in those processes involving phosphorylation. 
Phosphatases from various sources have been reported to require metal ions 
for activation. Pett and Wynne (2) noted the effect of Mgt* on the phos- 
phatase action of bacteria. Mgt*, in most cases replaceable by Mnt-, 
is also known to play an important part in the transfer of phosphate from 


phosphopyruvate to creatine via adenylic acid (3), and from phosphopyru- 


vate to glucose (4 At least one case of intramolecular transfer, the con- 
version of glucose-1-phosphate to glucose-6-phosphate, is known to require 
Mg*+, Mn**, or Co 5). Metal ions have been reported as integral 


parts of the following enzymatic reactions: the decarboxylation of pyruvate 
by veast (6), oxidation of pyruvate (7), the formation of acetylmethylear- 
binol (8), decarboxvlation of oxalacetate (9), and the oxidation of glucose 
10 lhis is by no means a complete list of reactions requiring metal ions. 

rhe metal stimulation in the present case has been found to occur in the 


ene se reat ion. 
enolase 
CH,.(OH)-CH(OPO,;H,)-COOH — ~ CH,.:C(OPO;H,)-COOH 
2-phosphoglycerie acid enol-phosphopyruvie acid 


It is interesting to note that this reaction involves a dehydration and does 
not constitute an intramolecular phosphate transfer. The effect of metal 
ions upon the transfer of phosphate to adenylic acid and the dephosphoryla- 


i 


tion of adenosine triphosphate is also considered in this report. 


Ve thods 


lhe enzyme system used in most of these experiments was prepared from 
Escherichia coli by grinding the cell paste with powdered glass as described 
in previous reports (1,11). After clarification on the Beams ultracentrifuge 
12), the extract was rapidly dried in vacuo. The resulting powder could 


IRQ 
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be stored in the ice box for a period of at least 4 weeks without appreciable 


loss of activity. The experimental preparations were secured by dissolving 
30 mg. of the dried powder per ml. of distilled water. This solution was 


then dialyzed in a collodion tube at 4° for 3 to 4 hours against circulating 
distilled water. 

In one experim¢ nt Lebedev extract was substituted for the bacterial 
preparation. 25 gm. of yeast were incubated for 3 hours at 37° in 75 ml. of 
water; the solution was then centrifuged on an angle centrifuge until the 
main portion of the solids had been removed. The juice was then further 
clarified on the Beams ultracentrifuge, dialyzed for 5 hours against distilled 
water, and again centrifuged briefly on the ultracentrifuge. 

Inorganic phosphate was determined with a Klett-Summerson photelom- 
eter by the method of Fiske and Subbarow (13). Phosphopyruvate was 
determined as the fraction hydrolyzable in alkaline iodine solution at room 
temperature (14). Adenosine triphosphate was determined as the phos- 
phate fraction hydrolyzed by Nn HCl in7 minutes at 100°, or in the presence 
of phosphopyruvate as the difference between the 60 minute hydrolyzable 
fraction (adenosine triphosphate + phosphopyruvate) minus the alkaline 
iodine fraction (phosphopyruvate). Phosphoglycerate was determined as 
the difference between the total phosphate (wet ash) and the 180 minute 
hydrolyzable fraction. Triose phosphate (glyceraldehyde phosphate and 
dihydroxyacetone phosphate) was determined as the phosphate fraction 
hydrolyzed at room temperature in 20 minutes by N NaOH (15). Hexose 
diphosphate was determined by ashing (in the absence of other organic 
phosphates). 

The experiments were performed in the presence of air, since the bacterial 
preparation has negligible aerobic activity. The reactions do not proceed 
beyond phosphopyruvate to an appreciable extent unless a phosphate ac- 
ceptor is added. The experiments were carried out in calibrated test-tubes 
and the reaction was stopped at the end of the incubation period by adding 
5 ml. of 4 per cent CCl,COOH. The solution was diluted to 10 ml., filtered, 
and the various determinations were run on aliquots of the filtrate. Dupli- 
cate tubes in which the deproteinating agent was added at the start of the 
experiment served as controls. 

Na hexose diphosphate, Na phosphoglycerate, and Na adenosine triphos- 
phate were prepared from the Ba salts of the compounds. The sodium salt 
of adenylic acid was prepared by dissolving and neutralizing the free acid. 
Dr. Gerhard Schmidt kindly supplied synthetic Ag-Ba phosphopyruvate 


from which the Na salt was prepared. 
EXPERIMENTAL 


Inasmuch as it has been found that the percentage stimulation decreases 
as equilibrium is approached, it was necessary to stop the action before 
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equilibrium is reached in order to make apparent the metal ion stimulation 
of the phosphoglyceromutase-enolase reaction. Two factors control the 
rapidity with which the equilibrium is reached; 7.e., enzyme concentration 
and substrate concentration. The enzyme concentration was kept rela- 
tively low and the substrate concentration relatively high for the purpose of 
these experiments. The rate of stimulation by the metal ions is shown to 
decrease (Table I) as the reaction approaches equilibrium. The figures in 
the last column represent the ratio of the rates of the stimulated reaction to 
the unstimulated. This ratio decreases as the reaction progresses, and 
would be 1.0 if both reactions reached equilibrium, where the theoretical 
value of 30 per cent phosphoglycerate is converted into phosphopyruvate. 


TABLE I 
Effect of Time on Stimulation of Phosphoglyceromutase Enolase Equilibrium by Mg** 
The enzyme preparation was dialyzed 3 hours. For each experiment the following 
were used: 0.1 ml. of enzyme (3 mg. dry weight), 0.06 m NaHCO; freshly saturated 
with CO, 41.2 X 10-2 mg. of phosphoglycerate P, a total volume of 1.0 ml., tem- 


perature 25°, 


a a ae Phosphopy- a Ratio of 
Experiment No lime aioe of “MgCl ruvate P, in come stimulated to 
1 X 107? unstimulated 
min iY] meg per cent 
| 5 0.733 1.78 
rs = 3.365 
2 o 0.005 2.467 0.99 
3 10 1.533 3.72 3 399 
{ 10 0.005 5 200 12.62 — re 
5 20 3.a00 8.09 
2.080 
6 20 0.005 6.933 16.83 
7 10 4.800 11.65 1.778 
~ ~ op a 
8 10 0.005 8.533 20.71 
9 60 6.200 15.05 
ne 1.581 
10 60 0.005 9 S00 23.79 


| Owing to deterioration of the catalyst, equilibrium in a weak enzyme solu- 


tion, such as that employed, is reached with difficulty. The concentration 
of MgCl. (0.005 m) used in the experiments in Table I is approximately 
optimum, as shown in Fig. 1 in which various concentrations of MgCl, and 
MnSO, have been used. The optimum concentration of the two ions is 
similar and the stimulations are comparable. Although Mg** appears to 
be slightly more efficient than Mn*+ in this particular experiment, the con- 
verse also has been observed. It will be noted that both ions are inhibitory 
at the higher concentrations. 

Mn++ and Mg?" are the only effective ions in the group under observa- 
tion. In the experiments in Table II, several other ions have been found 
to be without effect or to be inhibitory. The stimulatory effect of Mg** 
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Effect of Various Metals on Phosphoglyceromutase-Eno h 
The enzyme extract was dialyzed 3 hours For each « m ! fo ving 
were used: 0.1 ml. of enzyme extract, 0.06 wm NaHCOs, 41.2 * 10 mg. of phospho 
glycerate P, a total volume of 1.0 m Incubation was { 1) é 25 
| 
Exper Ad N 5 
No entra \ 
None 2 867 6.96 Q 0.0001 Ni€] 2 267 5.50 
2 0.005 MgC] 5.867 14.24 10 0.1 Cal () 0) 
3 0.005 MnSoO, 6.400 15.53 11 0.01 se 0.200 0.49 
} 0.1 NaC] 2.533 6.15 12 0.001 ” 1.333 24 
5 0.01 2.733 6.63 13 None 2.733 7.32 
t} 0.001 2.533 6.15 14 O.{ ly ( 2.933 7.56 
7 0.01 NC] 0.733 1.78 15 0.0] 2 S00 7.50 
S 0.001 1.867 1.53 16 0.005 2 600 6.96 
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the experiments of Ohlmeyer and Ochoa, although higher concentrations of 
(Experi- 


4 


the latter ions were required. In the present experiments, K 
ments 14 to 16)is seen to be without appreciable influence; so that the effect 
is not analogous to that reported by Ohlmeyer and Ochoa. Nat is also 
without effect but Ca** and Nit are inhibitory. 

It is reported that generally Mg++ and Mn** are interchangeable in their 
effect on phosphate transfer and other reactions although either ion may be 
more efficient than the other. In a few eases other ions have been found to 
replace Met+ and Mn+; in carboxylase Cd*+*+, Ni**, and Cot are also 
wtive (17) and in sOme’ of the phosphatases Fe+*+, Co*+, Ni**, and Cd*+ 


have been found to be effective (18). 
rasie III 
Vat i MnSO, on Phosphoglyceromutase-Enolase Equilibrium 
. Lebedev Extract 

Lebed dialyzed 5 hours, then recentrifuged. For each experi- 
g 1: 0.1 ml. of enzyme, 0.06 m NaHCOs, 41.2 X 1072 mg. of 
phoglvcerate P, a total volume of 1.0 ml. Incubation was for 7 minutes at 23°. 

, I I if | EE I il con P} ospho- Phospho 
t I erat , N “e"* centration of pyruvate P, | glycerate 

MnSO, 1 xX 10-2 converted 

n ul mo per cent 

\ | 667 11.33 ) None 1.667 11.33 

2 (0) 2.067 5.02 10 0.1 1.600 3.88 

{ {) tilt} Ss 74 11 0 05 1.533 3.72 

0 7.533 18.28 12 0.01 9.200 22.33 

0.007 8.067 19.58 3 0.007 9 667 23 .46 

(j 0.005 S866 21.52 14 0.005 9.133 22.17 

7 0.001 7 399 17.80 15 0.001 7.333 17.80 

Q 0 0005 5 7292 13.92 16 0.0005 6.200 15.05 
The action of Mg** and Mnt+ on the phosphoglyceromutase-enolase 


equilibrium in Lebedev extract is demonstrated (Table ITT) in order to show 
that the stimulation is not limited to bacterial preparations. Because of 


the higher enzyme concentration of the Lebedev extract, and consequently 
the rapidity with which the equilibrium is reached, the demonstration of the 
stimulation is more difficult. The Lebedev extract was treated as de- 
scribed under “Methods” and a small quantity was employed for a short 
period of time. Under these conditions, the stimulation can be readily ob- 


served, and is similar to that in the bacterial extract. The optimum con- 
centration of the ions appears to be near 0.005 m. and the higher concentra- 
of the ions used were inhibitory. Mn*t+ seems to be slightly more 


efficient in this case. The effect of the metals on Lebedev extract is analo- 


gous to that on the bacterial preparation. 
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In regard to the inhibition by higher concentrations of Mg*-, it has been 
reported previously that the equilibrium between hexose diphosphate and 
triose phosphate is displaced toward hexose diphosphate by high concentra- 
tions of Mg++ (19). In view of this fact, the reaction was reinvestigated in 
the lower concentration ranges of the ions in order to determine whether 
they have a stimulatory action. Results indicate that the effect of the ions 
is limited to an inhibitory action at high concentrations. Iodoacetate was 
added to prevent the reaction from proceeding beyond the triose phosphate 
stage, since dialysis for 3 to 4 hours is probably not sufficient to remove all 
coenzyme I from the preparation. In the presence vf the coenzyme the 
triose phosphate products of the equilibria are removed by the oxidation- 
reduction reaction. 

Although Met accelerates attainment of the phosphoglyceromutase- 
enolase equilibrium, it does not change the final point of equilibrium. Re- 


asie I\ 
Effect oJ Mgt ‘ls on Final Point of Equil brium of Pho phogly eromutase-Enolase System 
The enzyme extract was dialyzed 3 hours. For each experiment the following 
were used: 0.2 ml. of extract, 0.06 m NaHCQ,, 18.67 K 10-2 mg. of phosphoglycerate 


P, a total volume of 1.0 ml., temperature 24 


a Phosphopy on a Ratio of 
Experiment No Time tion of MrCle ruvate P, ; iy alte on oe stimulated to 
” 6 1x1 a unstimulated 
min ul m per cent 
1 5 0.667 3.57 > 8 
2 5 0.005 1.867 10.00 . 
2 10 2.000 10.71 1.47 
7 20 >» tf 
j 10 0.005 2.933 15.71 
5 65 5.667 30.35 . 
ts as a2 a 0.9U8 
6 HD 0.005 5.533 29 .6§4 


sults in Table IV show that when sufficient time has been allowed for the 
establishment of the equilibrium in the presence and in the absence of Mg** 
the theoretical value of 30 per cent phosphopyruvate is obtained in both 
cases. 

Previous experiments have not indicated which of the two enzymes in- 
volved in the reaction is stimulated by the metal ions. The entire equilib- 
rium system is as follows: 

phosphoglyceromutass 
3-Phosphoglycerate — 
enolase 
2—phosphoglycerate — — phosphopyruvate 
In the experiments reported in Fig. 2, phosphopyruvate, rather than 


phosphoglycerate, was used as the substrate. An optimum concentration 


of Phosphopyruvote disappeored 
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of Mg++ was present in the experiments denoted by Curve A, and with no 
Mg*+ added in the experiments represented by Curve B. 

As shown in a previous report (1) and as determined by Meyerhof and 
Schulz (20), the entire equilibrium reveals the following approximate dis- 
tribution among the three compounds: 3-phosphoglycerate 63.5 per cent, 
2-phosphoglycerate 6.5 per cent, phosphopyruvate 30 per cent. The ratios 
between 3- and 2-phosphoglycerate and between 2-phosphoglycerate and 
phosphopyruvate are not affected by the absence of the third component; 
ie., the equilibrium between 2-phosphoglycerate and phosphopyruvate 
without 3-phosphoglycerate) is established when about 17 per cent of the 
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Fic. 2. Effect of MgCl, on the conversion of phosphopyruvate to phosphoglycerate- 
For each experiment the following were used: 0.2 ml. of extract dialyzed 3 hours, 
0.06 m NaHCOs;, 9.866 * 10°? mg. of phosphopyruvate P, a total volume of 1.0 ml., 
temperature 25°. Inthe experiments denoted by Curve A an optimum concentration 
of Mg** was present; in those of Curve B no Mg** was added. 


phosphopyruvate has disappeared. If an equilibrium involving all three 
components were established, 70 per cent of the phosphopyruvate would 
disappear. A sharp stimulation by the Mg**-enzyme preparation occurs 
in comparison to the effect of the enzyme alone (Fig. 2) until the theoretical 
value of 17 per cent of phosphopyruvate converted into phosphoglycerate 
isapproached. After this point is reached, the Mg*+-enzyme curve breaks 
sharply, and is actually surpassed by the unstimulated enzyme after 30 
minutes, which leads one to believe that the Mg** facilitates a rapid estab- 
lishment of the enolase equilibrium with negligible formation of 3-phospho- 
glycerate but that thereafter the Mg*+ actually inhibits the subsequent 
conversion of the 2-phosphoglycerate into the 3 form. This interpretation 
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is borne out by the sharp break in the Mgt*-enzyme curve just below the 
value of 17 per cent phosphopyruvate ‘‘disappeared.”’ On the other hand, 
the unstimulated enzyme shows neither the stimulation of the enolase 
reaction nor the inhibition of the phosphoglyceromutase enzyme, and the 
resulting curve is relatively smooth. 

As further evidence of the stimulation of the enolase reaction by the 
metals, it was noted that in the experiments of Table V, in which pure 3- 
phosphoglycerate! was used instead of the usual mixture of 3 and 2 isomers, 
the stimulatory effect of the metals was much reduced. Akano (21) showed 
that phosphoglyceromutase was much more sensitive to treatment such as 
dial sis or aging than enolase. Treatment of the bacterial preparations in 
these experiments undoubtedly had a similar effect, since the extract used 
underwent a somewhat more rigorous treatment than in the majority of the 


TABLE \ 
Effect of Mgt ( i R 1 3-Phosphog hopyruva 
The eX t_riic vas i4 irs en Ze I } . ve | ich 
experime! ne follow gy were used: U m ot ¢ Ab. NaHCo yume 
of 1.0 ml Incubation was for 20 minutes at 26°. 
I 
Expe I 
\ 
\ , , 
” , 
N I ire 7 > ) 7 a 
2 37 ) OOS ? (nn) 5. 326 
|-Phosphoglyceraté 18.10 0.9 94 
i ™ 18.10 0.005 1.133 2.36 


other expt riments. The time of dialysis was greater and the extract was 
not used until the day following dialysis although it was frozen during the 
intervening period. If the phosphoglyceromutase is more severely affected 
than the enolase, the activity of the phosphogly ce romutase rather than the 
metal content of the enolase becomes the | miting factor ot the reaction and 
the metal stimulation is lowered. With the normal mixture of 3- and 2- 
phosphoglycerates containing about 10 per cent ol the 2 isomer, the Mgt 
stimulation is much more noticeable because of the immediate conversion 
of 50 per cent or more of the original 2-phosphoglycerate into phosphopyru- 
vate. In connection with these experiments, it should be mentioned that 
3 phosphoglyce rate, 


by Nal ‘ \las- 


The enolase reaction has long been known to be inhibited | 


undialyzed extracts readily attacked pure 


The pure 3 phosphogl vcerate vas obtained bv reervst liz ) they xtu 


of 3 and 2 isomers as described in a previous paper (1 
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sart (22) has suggested that the inhibition of succinodehydrogenase by NaF 
and Na pyrophosphate is due to the removal of metal ions necessary for the 
reaction. Massart and Dufait (23) have further suggested that the inhibi- 
tion of certain phosphatases by NaF is due to a similar formation of a metal 
complex. Experiments concerning the effect of NaF upon the enolase re- 
actions were undertaken to determine whether the inhibitions are analo- 
gous.: 

The effect of NaF upon the conversion of phosphopyruvate to phospho- 
glycerate is shown in Table VI. In the case of metal addition the enzyme 
preparations were incubated for a short time with the metals before the 
addition of the substrate and inhibitor. NaF is seen to inhibit the unstimu- 


TABLE YI 
Effect of NaF. Vall and MnSO, o7 Transformation of Phosphopyruvate 
to Phosphogl ycerale 


The extract was dialyzed 3 hours. For each experiment the following were used: 
2 ml. of extract, 0.06 m NaHCOs,, 11.6 X 10-2 mg. of phosphopyruvate P, a total 
volume of 1.0 ml. Incubation was for 5 minutes at 25°. In experiments in which 
ther additions were made MgC! 0.015 mw, MnSO, 0.015 m, NaF = 0.04 m. 

P ospho , 
| . Total pyruvate I Phosphopy 
perin t , I ur rs > iverted to . ie 
ct Add te I . a? ‘ ff caine ruvate 
1x1 I i 1 > a converted 
1x 1072 
” mi per cent 
| None 10.733 0.266 11.334 0.601 5.30 
9 Nal 11.600 0 11.600 0 0 
3 MeC] 9 400 0.400 11.200 1.800 16.07 
j 64 L Nal 11.600 0 11.600 0 0 
5 MnSoO, ). 933 0.333 11.267 1.334 11.84 
6 “ L NaF 10.867 0 11.600 0.733 6.32 


lated enzyme and the Mg*+-enzyme completely but merely to decrease the 
activity of the Mn*+-enzyme preparation. Massart and Dufait (23) found 
a somewhat similar situation with yeast phosphatase and gave the explana- 
tion that the Mn*+-NaF complex is much more unstable than the Mg*- 
NaF complex. 

In a previous paper (1) the transfer of PO, from phosphopyruvate to 
adenylic acid was demonstrated by means of an extract of Escherichia coli 
but the effect of metal ions upon the reaction was not observed. In Table 
VII the effect of Mg++, Mn**, and NaF upon the PO, transfer is tabulated. 
In Experiment 1, in which there is no NaF addition, the phosphopyruvate 


2 We wish to express our appreciation to Mr. Krampitz for suggestions in regard to 


this ph ist of the WOrTkK 
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which cannot be accounted for as residual phosphopyruvate (12.0 — 9.967), 
adenosine triphosphate, or inorganic phosphate is in the form of phospho- 
glyceric acid, since the enolase reaction can take place in the absence of 
NaF. When the inhibitor is added (Experiment 3), most of the phospho- 
pyruvate can be accounted for. Adenylic acid without metal ions can 
accept PO, to a limited extent (Experiment 4) but NaF stops the formation 
of adenosine triphosphate. Mg** greatly stimulates the formation of 
adenosine triphosphate but again NaF stops the reaction (Experiment 7), 
Mn** also effectively stimulates the formation of adenosine triphosphate 
but NaF causes only a slight decrease in the PO, transfer. This case, then, 


TaBLe VII 
Effect of MgCl., MnSO,, and NaF on Transfer of Phosphate from Phosphopyruvate to 
Ade nyl c Acid 

The extract was dialyzed 3 hours. For each experiment the following were used: 
0.2 ml. of extract, 0.06 am NaHCOs, 12.00 X 10-2 mg. of phosphopyruvate P, a total 
volume of 1.1 ml. Incubation was for 30 minutes at 26°. Molar values for experi- 
ments in which additions were made were NaF 0.08 m, adenylic acid (AA) 0.005 m, 
MnSO, and MgCl, 0.005 m. Values are given in P X 10-2 mg. per 1.1 ml. 


peri lesidu Phospho Ms wer lenosine —— Phospho- 
“gent Additions phosp ° — rable tr 0s inn . ae 

No. pyruvate neared L~ > phate ganic foe 

l Control, AA added, | 12.000 0 12.133 0.133 | O 12.133 
not incubated 

2 Control, AAnotadded,| 9.267 2.733 9.733 0.567 | 0.133 9.967 
incubated 

3 NaF 11.667 0.333 | 11.867 0.200 0 11.867 

4 AA 6.800 5.200 | 10.533 3.733 | 0.733 11.266 

5 “ NaF 11.600 0.400 | 11.533 —0.067 | 0 11.533 

6 MgCl,, AA 0.467 | 11.533 | 10.133 9.663 | 2.067 | 12.197 

7 - NaF 11.133 0.867 | 12.000 0.867 | O 12.000 

8 MnS0O,, 1.333 | 10.667 11.133 9.800 | 0.933 12.066 

9 ng NaF 3.067 8.933 10.400 7.333 0.800 11.200 


is analogous to that of enolase in which Mn** stimulation is not removed 
by NaF, while Mg** stimulation disappears when the inhibitor is added. 
In another experiment K+ was observed to have no effect; thus the stimula- 
tion is not a reversal of an Nat inhibition. 

To study the effect of Mg++ and Mn*+ upon adenosine polyphosphatase, 
less centrifugation was employed in the preparation of the extract, since 
this enzyme is almost entirely removed by prolonged centrifugation. This 
enzyme catalyzes the following reaction. 


, denosine ‘phosphatase 
Adenosine triphosphate adenosine polyphosphatas » adenylic acid + 2H;PO, 
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The extract used in this experiment has a much higher enzyme content 
than the preparations used in the previous experiments and was used with- 
out drying. The stimulatory effects of Mg** and Mn** upon the phospha- 
tase action are recorded in Table VIII. Both ions have distinct effects but 
NaF removes most of the effects of Mg++ (Experiment 14), and also that of 
Mn*+ (Experiment 15), contrary to the experience with Mn** and NaF 
with enolase and the POQ,-transferring enzyme. It should be mentioned 
again that the enzyme preparation used in this experiment is not identical 
to those used in the enolase and PQ,-transferring experiments and that this 
fact may be responsible for the difference in results. A longer dialysis 
period (5.5 hours) failed to change the essential effect of the Mgt*, Mn*, 
TasLe VIII 
Effect of Metals and NaF on Dephosphorylation of Adenosine Triphosphate 
The extract was dialyzed 3 hours. For each experiment the following were used: 


0.2 ml. of extract, 0.06 m NaHCOs, 9.68 X 10-2 mg. of adenosine triphosphate P, a 
total volume of 1.0 ml. Incubation was for 60 minutes at 24°. 


Ratio of 


Ratio of 
Expe 3 Additions, final a. = Experi Additions, final con a. stimu- 
N, ; t iberated, beaten dan y centration liberated, —- 
1 X 10 lated ee 1X 10° lated 
uv me M mg 
! None 1.667 9 | None 1.667 | 
2 0.01 MgCl, 6.133 3.68 10 0.0005 MnSO, 8.200 4.92 
3 0.005 “ 5.933 | 3.56 1] 0.075 KCl 1.333 | 0.80 
{ 0.001 7.733 | 4.64 12 0.015 “ 1.800 | 1.08 
5 0.0005 “ 6.400 | 3.84 13 0.0075 “ 1.733 | 1.04 
6 0.01 MnS0O, 2.000 | 1.20 14 0.005 MgCle, 2.200 | 1.32 
0.04 NaF 
7 0.005 a 3.267 | 1.96 15 | 0.005 MnS0O,, 1.333 | 0.80 
0.04 NaF 
& 0.001 we 6.067 3 


64 16 0.04 NaF 1.333 | 0.80 


and NaF, but the activity in the absence of the metals was very low; there- 
fore the percentage of stimulation was much larger. 
SUMMARY® 

1. In an extract prepared by grinding Escherichia coli with powdered 
glass, Mg++ and Mn** are shown to accelerate attainment of the phospho- 
glyceromutase-enolase equilibrium without changing the point of final 
equilibrium. K+ and Nat have no effect and Ca** and Ni* are inhibitory. 
The effect on Lebedev extract is similar. 

Since submission of this manuscript, an abstract (24) of the papers by Warburg 


and Christian (25) has come to our attention. They succeeded in crystallizing 
enolase and report it has a metallic component, probably Mg**. 
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2. The effect of Mg and Mn** on the hexose diphosphate-triose 


phosphate equilibrium is limited to an inhibitory action in the high concen- 
tration range. 

3. Enolase is shown to be the enzyme actually stimulated by the metal 
ions. The inhibition of this enzyme by NaF appears to be linked with the 
metal component ot this system. NaF completely removes Mg** stimula- 
tion but has much less effect on Mn** stimulation 

1. Meg and Mn** are shown to stimulate the transfer of PO, from 
phosphopyruvate to adenylic acid in the bacterial extract. NaF inhibits 
the stimulation by Mg*t* but not that by Mn? 

5. Meg and Mn stimulate the breakdown ol adenosine triphosphate 


in the Es he chia co extr: Ct. 
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THE OXYGEN CONSUMPTION, CREATINE, AND CHLORIDE 
CONTENT OF MUSCLES FROM VITAMIN E-DEFICIENT 
ANIMALS AS INFLUENCED BY FEEDING 
a-TOCOPHEROL* 
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The paralysis in suckling young rats of vitamin E-deficient mothers, 
first described by Evans and Burr (1) and shown to be preventable by 
administration of vitamin E, was demonstrated by Olcott (2) to be due to 
muscle lesions similar to those found in young guinea pigs and rabbits (3) 
and in ducklings (4) on vitamin E-deficient diets. Hamsters develop the 
same dystrophic condition on such diets (5) as do older rats (6), and the 
effectiveness of tocopherol in preventing or curing the disorder (except 
in old rats) has been demonstrated too often to require reference. 

The histological changes seen in such degenerated muscles are accom- 
panied by alterations in chemical composition and in functional behavior. 
Among the chemical changes perhaps the most striking is the diminished 
creatine content (7), which is roughly proportional to the degree of de- 
generation. There is also a decrease in total solids, in total nitrogen, in 
glycogen, and in total acid-soluble phosphorus and phosphocreatine phos- 
phorus, an increase in cholesterol content (8), a gain in sodium chloride 
with corresponding loss in potassium and magnesium, and finally an in- 
crease in calcium (9, 10). These changes are not necessarily parallel; 
creatine content may be normal when the chlorides are high (11, 12); 
creatine may not decrease until dystrophy is extreme and while calcification 
is still negligible. 

The appearance of large quantities of creatine in the urine of rabbits is 
indicative of the onset of dystrophy (13) but the degree of creatinuria is 
not proportionate to the severity of dystrophy. The creatine-creatinine 
ratio in the urine of rabbits has recently been proposed (14) as a simple 
and reliable method for determining the state of dystrophy. Oral ad- 
ministration of a-tocopherol or its acetate causes the urinary creatine 
excretion to drop to a constant level within a few days (13-15). 


* One of us (O. B. H.) acknowledges a grant from Parke, Davis and Company. 
+t These and the following studies are taken from a dissertation submitted by 
O. Boyd Houchin to the Faculty of the Graduate College of the State University of 
Iowa in partial fulfilment of the requirements for the degree of Doctor of Philosophy, 
July, 1942. 
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The functional changes in such dystrophic rat muscle include decreased 
contractile power without marked histological alteration (11); an increased 
oxvgen uptake (Qo,) has been demonstrated in dystrophic muscle from 
rabbits, guinea pigs, and rats (16-18) and recently from the hamster (5), 
It is thus obvious that deprivation of vitamin E leads to some alteration 
in the metabolism of muscle at rest as well as during contraction; although 
the suse ptibility to the lack of vitamin FE may appear to differ in these 
species and with the age of the animals, the uniform physiological altera- 
tion suggests that vitamin FE may play a hitherto unsuspected rdle in the 
regulation of oxidative processes 1n muscle. 

The work reported in this and following papers was undertaken to 
secure further information on the manner in which tocopherol intervenes 
in the biological processes of oxidation in muscle, on its relation to changes 
in creatine and chloride in muscle, and on the enzyme systems, if any, in 


which it is concerned 


EXPERIMENTAL 


The commonly used dy strophy producing diet for rabbits, which is low 


in fat, contained the following ingredients: cellophane 20, casein 15, su- 


crose 10, starch 36, lard 3, cod liver oil 3, veast 10 and salt mixture! 3 per 


cent. When the rabbits weighing 500 to 850 gm. were gradually trans- 
ferred to this diet, signs of muscular dystrophy became apparent in 2} 
to 5 weeks \ rabbit was used for study when it was unable to rise after 
being placed on its side. 

The vitamin I-deficient diet given to rats was high in fat and consisted 
of sucrose 45.5, lard 22, casein 18, yeast 10, salt mixture! 2.5, and cod liver 
oil 2 per cent. The older rats had been placed on this diet at 16 to 20 
days of age. The paralyzed suckling rats owed their existence to adequate 
doses of tocopherol given to their mothers reared on the deficient diet; 
paralysis developed between the 16th and 25th days after birth. 

Control animals were partly from stock diet (Friskies), partly from 
one of the deficient diets containing 3 to 5 per cent of wheat germ oil in 
place of lard; some were fed a tocopherol acetate or lettuce in addition to 
the stock diet. 

Both of the experimental diets were used with the golden Syrian hamster 
and this little animal proved to be very susceptible to the lack of vitamin 
Of 51 animals placed on the high fat diet at 21 days of age and 30 to 40 
gm. in weight, thirty-eight died within 3 weeks, usually very suddenly, and 
without appreciable loss of weight. External symptoms were a purulent 


excretion from the eyes, abnormally pink skin, muscular weakness, and 


Hubbell. R. B Mendel, L. B., and Wakeman, A. J.. J. Nutrition, 14, 273 (1937 
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sometimes paralysis. Autopsy and microscopic examination? revealed 
respiratory trouble and the typical degeneration of muscle tissue. Of 
thirty-eight animals on the low fat diet, all died within 2 weeks, with 
severe dystrophy. On the control diets the animals grew and remained 
normal. 

The oxygen consumption of muscle slices was measured in oxygen at 
38° by the usual Warburg procedure in a medified Locke’s solution. The 
semitendinosus muscle and sometimes the gastrocnemius muscle were 
used. ‘The rats and hamsters were killed by a blow on the head and the 
rabbits were anesthetized. The muscle was immediately removed and 
sliced by a special technique: after being cut in lengths and freed from 
fascia, it was laid on a clean wooden block, held down firmly with a micro- 
scope slide, and sliced lengthwise of the structure by a sharp razor blade 
worked lightly and fl: 
obtained were from 0.1 to 0.7 mm. in thickness, sufficiently thin to permit 


it against the under side of the slide. Slices thus 


proper diffusion of oxygen, yet without excessive destruction of cells. 
The results compared favorably with those obtained on muscle strips. 
The small muscles of the nursing rats were teased out. The oxygen con- 
sumption was measured for the Ist hour. The slices were washed with 
distilled water and dried at 110° to constant weight. Analyses were run 
in triplicate (or more) when possible. The results are expressed as Qo, 
e.mm. of oxygen taken up per mg. of dry weight of tissue per hour). 

Total creatine was determined by the method of Rose, Helmer, and 
Chanutin (19), chlorides by the method of Sunderman and Williams (20). 


DISCUSSION 


The data obtained from 59 normal and dystrophic rabbits, rats, and 
hamsters are summarized in Table I and leave no doubt that dystrophic 
muscle from vitamin E-deficient animals, as compared with muscle from 
normal animals, has a higher oxygen consumption, a lower creatine con- 
tent, and a higher chloride content. 

The most striking increases in oxygen consumption are found in the 
dystrophic hamster on a low fat diet, 240 to 250 per cent of the normal. 
In rabbits the figure is only slightly less, 220 per cent of the normal, in 
nursing rats 160 per cent, and in the grown rats 125 per’cent. These 
increases are not related to the inte nsity of the normal oxygen uptake, 
which is greatest in the rats and lowest in the rabbits, but rather to the 
acuteness and severity of the dystrophic condition. When rats from 
vitamin [-deficient mothers successfully weather the nursing period or 
spontaneously recover, for reasons as yet unknown, they live for many 


? The interest and help of Dr. E. D. Warner, of the Department of Pathology, is 


gratefully acknowledged 
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At 6 months they present no external symp- 
Even their nursing period is 


months on the deficient diet. 
toms and only slightly abnormal histology. 
apparently not as critical as the adolescent period of rabbits and hamsters, 
in which vitamin E is indispensable. 

The decreased creatine content of the muscles of vitamin E-deficient 
rats, only 9 per cent, also reflects the relatively slow alteration produced 
in this species by a lack of vitamin E. In the rabbit the decrease is some- 

TABLE | 
Average Oxygen Consumption and Creatine and Chloride Content of 
Skeletal Muscle 





The ranges are given in pare 


* The number of animals in the 


entheses. 


» average 


No. of animals and status swesnae 0 Creatine Chlorides 
m mm. O» me. per cent mg. per cent 
5 rabbits, stock diet 1265 1.40 512 D4 
1.27-1.52 168-535 {8— 64) 
12 - vitamin E-deficient| 804 3.12 112 152 
2.22-3.88 281-549) (11)* 113-228) (9)* 
4 rats, stock diet 207 1.96 155 17 
(1.88-2.08 (447-469) (3)* 45-49) (3)* 
es vitamin E-deficient 277 2.48 416 66 
(6 mos. old) 1.62-3.73 390-460 60-77 
2 nursing rats, normal 38 1.88 
(1.77-1.98 
8 ™ ‘* partly para- 32 3.07 
lyzed 1.93-4.03 
8 hamsters, stock diet 95 1.66 57 
(1.05-2.07 (50-61) 
2 <g deficient diet 93 1.79 54 
vitamin E 1.78-1.81 50-58) 
6 hamsters, deficient diet high 74 3.02 S4 
in fat 2.61-3.66 75-105) 
6 hamsters, deficient diet low 57 24 100 
in fat 3.904. 67 96-109) 


what greater, 19 per cent; the wide range of values for these vitamin E- 
deficient animals is the result of the great variability in the onset of dys- 
trophy and the lack of definite criteria for judging how far it has progressed. 
In the rabbits the lowest creatine values appear to be associated with the 


final stages of a dystrophy developing slowly over a long period of time and 


are perhaps due to extensive replacement of active tissue by scar tissue. 
The changes in chloride concentration are greater than those in creatine 
and in all cases the ranges are smaller with respect to the total change. 


)- 


is 
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In the rabbits the figure is 280 per cent of the normal, in the grown rats 140 
per cent, and in the hamsters 150 to 180 per cent of normal. 

Each of these alterations from normal conditions may be the expression 
of some specific departure from the usual course of metabolic events and 
since the variations are not parallel the events concerned would appear to 
be sequential rather than synchronous. The lack of vitamin E produces 
a primary response, perhaps not included in these measurements, and the 
other responses follow in the train of the first; the primary response appears 
to be the altered rate of oxidation. 

The cure of nutritional muscular dystrophy by administration of a- 
tocopherol has been reported by many investigators. Individual rabbits 


Tas_e II 
Influence of Single Dose of a-Tocopherol on Qo, of Vitamin E-Deficient 
Hamster Muscle 


Diet Weight Interval after dose (1 mg.) Qos Chlorides 
gm. c.mm. Or mg. per cent 

Low fat 60 35 hrs. 1.79 79 

64 33.5 hrs. 1.90 92 

50 32.5 *“ 1.84 74 

63 27.5 1.63 75 

53 132 2.25 112 

93* Normal diet 1.70 57 

57* No treatment 4.24 100 

High fat 63 48 hrs. 1.79 83 

63 no 1.81 81 

67 12 days 1.91 69 

93° Normal diet 1.70 57 

74* No treatment 3.02 84 


* Average of several animals. 


on a deficient diet have been cured repeatedly with final complete restora- 
tion of normal muscle histology (21). Whether and how soon after the 
giving of tocopherol all of the altered properties become normal, and in 
what order they are restored, are important questions. 

Provisional answers were first sought in experiments on demonstrably 
dystrophic hamsters. At varying intervals after administration of 1 mg. 
of a-tocopherol their muscles were examined for oxygen consumption 
and chloride content and, as Table II indicates, the former had fallen to 
normal levels in as short a time as 27 hours, whereas the chloride content 
had declined somewhat but was still considerably above normal. In one 
animal, 132 hours after the curative dose, both figures were again high; 
in another they were only a little above normal after 12 days. Since the 
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actual levels at the time of tocopherol feeding were not known, biopsy ex- 
periments on a larger animal were indicated. 

An initial muscle sample was removed aseptically from the leg of a 
rabbit under ether and pentothal anesthesia. After recovery from the 
anesthesia, the rabbit was given a-tocopherol acetate by mouth and at 
varying intervals thereafter a muscle sample was obtained from the other 
hind leg 

The results of these more direct experiments (Table II] demonstrated 
a significant diminution of ox, gen consumption due to the tocopherol feed- 
ing, 28 to 43 per cent in 31 to 48 hours, and 34 per cent after as short a 


period as 10 hours 


TABLE III 
Effect of Oral fdministration oJ a Tocopherol icelate on Oxygen Consumption and 
Creatine Content of Dystroph c Rabbit Muscle; Biopsy Expe ment 


I After a r t 
Ar N An 
0 ( r ital I ( D ( ( € 
aoe O . , o meme. ( P ‘ - at\en . 
} 2 sf 25 1S 1.4o PS 160) 79 
9 2 64 165 0 {8 2 OS 13 131] 126 
) 2.25 S05 25 is 1.43 8) $45 Od 
13 2.87 192 25 12 1.63 13 100) 
6 3.18 208 30 31 1.95 39) 60 137 
14 ,.18 308 20 10 09 34 108 
3 normal ral 
bits ver 
ive ] »t } s 1s ] a) 71 51 


The original creatine figures were not greatly below normal and the 


tocopherol feeding produced ho significant change Lh high chloride 
content of the second muscle samples indicates that the degenerated state 
still existed \ single expe riment in which the chloride content was deter- 


mined in both samples showed that no change had taken place within 
18 hours 

Neither the operation not! the anesthesia produced any change in the 
oxygen uptake or creatine content of muscles from normal animals (Table 
II] The chloride content after the second operation was normal! 

These data indicate that the return toward a normal rate of oxidation 
in muscle is the primary result of the feeding ef tocopherol and that the 
other changes produced are secondary and consequent upon a restoration 
of normal oxidative processes. The action of the a-tocopherol was fairly 
rapid. The time required for absorption and transport ol the a tocopherol 
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acetate may be the main limiting factor in the speed with which its effect 


on the processes of oxidation in dystrophic muscle is manifested. 


SUMMARY 


Dystrophic muscle from vitamin E-deficient animals as compared with 
muscle from normals has a much higher oxygen consumption, a somewhat 
lower creatine content, and a higher chloride content. Dystrophic hamster 
muscle showed the most striking increase in oxygen consumption, 250 
per cent of the normal. Paralyzed nursing rats had a Qo, 160 per cent 
of the normal. Oxygen uptake appeared to increase with the severity of 
the dystrophic condition. The creatine content was variably decreased 
but not gre atly ( xcept in slowly ce veloping, severe dystrophy. 

Oral administration of a tocopherol to the dystrophic hamster resulted 
in the lowering of oxygen consumption toward the normal within 27 hours. 
The chloride content remained high even after 48 hours. 

Biopsy experiments on the rabbit demonstrated conclusively that a- 
tocopherol acetate given by mouth lowered the high initial oxygen con- 
sumption of the muscle toward normal and in as short a time as 10 hours. 
[he concentration of creatine was not significantly altered and the chloride 
content remained high. Neither the operation nor the anesthesia had any 
effect on the oxygen consumption or creatine content of muscle from 


normal animals 
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THE INFLUENCE OF PARENTERAL ADMINISTRATION OF 
a-TOCOPHEROL PHOSPHATE ON THE METABOLIC 
PROCESSES IN DYSTROPHIC MUSCLE 


By O. BOYD HOUCHIN anp H. A. MATTILL 


(From the Biochemical Laboratory, State University of Iowa, Iowa City) 
(Received for publication, August 22, 1942) 


The biopsy experiments described in the preceding paper (1) demon- 
strated that a reduction in the oxygen uptake of dystrophic rabbit muscle 
followed the oral administration of a-tocopherol acetate in as short a time 
as 10 hours. A part of this interval was required for alimentary absorption 
of the tocopherol, a part for its distribution and diffusion into the muscle 
cells, and the remainder for the initiation of the processes which altered 
the metabolism. For an understanding of the réle of tocopherol it was 
obviously desirable to rule out the first and as much of the second part of 
this interval as possible. Parenteral administration of tocopherol acetate 
or of tocopherol itself is even less efficient than oral (2, 3) and intravenous 
injection of either seemed ill advised. Tocopherol phosphate, on the 
other hand, is somewhat soluble in water and has been shown to be effective 
when given by injection (4). A series of multiple biopsy experiments was 
therefore planned, in which a slow intravenous injection of a-tocopherol 
phosphate via! ear vein should immediately follow the removal of the first 
muscle sample from dystrophic rabbits. Other portions of muscle were 
removed at suitable intervals thereafter. 

Divided doses of amytal which kept the animals in constant narcosis 
were supplemented with ether anesthesia, when necessary, during the dis- 
section of muscle. Hemorrhage was readily controlled by careful dissec- 
tion and the use of thrombin solution.2? Usually two portions of semi- 
tendinosus muscle were taken from each hind leg for the determination of 
oxygen uptake and creatine content, and with the last sample, a larger 
portion, from the gastrocnemius, for chloride estimation. The animals 
were kept warm, the circulation was well maintained, and the blood supply 
to the remaining muscles was not disturbed. 

DISCUSSION 

As seen in Fig. 1, the high oxygen consumption of dystrophic muscle 
was reduced by an average of 33 per cent during the Ist hour after intra- 
venous administration of a-tocopherol phosphate; by the end of the 4th 

1 Kindly supplied by Hoffmann-La Roche, Inc. 


? Kindness of Dr. W. H. Seegers. 
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hour the average reduction was 49 per cent, well along toward normal 
figures, with a satisfactorily narrow range of 47 to 52 per cent. The most 
pronounced effect occurred within the Ist hour, after which the return 
toward a normal metabolic state proceeded at a more gradual rate. 
Accompanying the decrease in oxygen consumption of the muscle, there 
was a drastic reduction in creatine content (Fig. 1). 1 hour after the 
injection the creatine content was only one-half the initial and paralleled 
the rapid decline in oxygen consumption. No ereatel decrease was ob- 


served when the interval was 2 hours In all cases, the creatine content 








Fic. 1. Percentage change from the initial oxygen consumption and creatine con 
tent Oot adystl phi ind normal muscle induced by the parenter if administration ol 
a r phere | pi spl r xvgen consumption: creatine: the heavy nd thin 
solid lines suggest the course of changes 1n oxygen cons Imption and muscle creatine 
in dystrophic rabbit muscle the pl »bable later course being indicated | the pro 
jects i broken lines: the heavy ind thin broken lines it the top ind! te the course 
of « ren impti nd creatine content of normal rabbit muscle; one rmal 
inimal s injected with a-t wcopherol phospl ite 


had begun to rise by the 4th hour but was still 40 per cent below the initial 
value at that time and showed a progressive rise with time The chloride 
content of the muscle taken at the end of the experiment was still high and 
somewhat proportional to the original high oxygen consumption 


The biopsy operation itself had no effect on the oxygen consumption oO! 
the creatine content of muscle of a normal rabbit over as long a period as 


8 hours (Fig. 1); the creatine content did increase slightly after 6 and 8 


(one experiment iInaicated that the injection tl a tocopherol phi sphate pro 


vTressively owered the creatine excretion ol 1 ay trophic rabbit to correspond in 


respect to time with the sul sequent rise 1n muse le creatine content 
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hours. Likewise there was no effect when a-tocopherol phosphate was 
injected into a normal animal except for a possible slight tncrease in the 
oxygen consumption after 4 and 6 hours with a return to the initial level 
at the 8th hour. This increase, if significant, makes the response of 
vitamin E-deficient animals to a-tocopherol phosphate even more striking. 
The normal creatine content was not altered, and the chloride content at 
the end of 8 hours was normal in both cases. 

lhe decrease in oxygen consumption and creatine content of muscle of 
dystrophic rabbits following the intravenous injection of a-tocopherol 
phosphate is thus not an artifact produced by shock, anoxia, or as the 
result of mechanical, circulatory, or other disturbances. The rapidity of 
the response is due to the immediate availability of a-tocopherol phos- 
phate, which is lacking in dystrophic muscle. 

The prompt lowering of the rate of oxidation by a-tocopherol phosphate 
in these biopsy experiments is in keeping with the known effect of tocoph- 
erol in dystrophic animals and suggests that the process of restoration, 
so far as oxygen uptake is concerned, is probably complete within little 
more than 4 hours. The lowering of the creatine content during this 
period is not consistent with the end-result of tocopherol treatment of 
dystrophic animals. This result, ultimately, is to increase the creatine 
content to normal. The initial decrease may be tentatively explained on 
the basis of an immediate decline in the rate of formation of creatine with- 
out a simultaneous decline in the rate of its loss by muscle tissue. The 
creatine turnover in a dystrophic rabbit must be considerable. In a 
well developed case the daily creatine excretion in the urine may account 
for as much as 20 per cent of the entire creatine stores in the animal. We 
would interpret the changes in muscle creatine to indicate a continued 
loss of creatine from muscle tissue with a diminished rate of formation 
during the Ist and 2nd hours following the giving of a tocopherol phos- 
phate , Thereafter the rate of loss also begins to decline with the result 
that creatine can begin to accumulate and continues to do so until normal 
levels are obtained. The equilibrium between rate of formation and rate 
of loss may be reached in as short a time as 10 hours but the interval is 
usually much longer ((1) Table III). The interval required for restoration 
of normal chloride content is still longer. However the oxvgen uptake 
and creatine metabolism may be related to tocopherol phosphate, it is 
evident that this substance is intimately connected with both processes; 
it may be a member of the complicated and yet unknown enzyme systems 


by which the physiological integrity of muscle tissue is maintained. 


SUMMARY 


Biopsy experiments on rabbits have shown that parenteral administra- 
tion of a-tecopherol phosphate caused the high oxygen consumption of 
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dystrophic rabbit muscle to drop 34 per cent within the 1st hour; the fall 
continued during 4 hours to 49 per cent, a decrease to nearly normal 
figures. A sharp decline in muscle creatine content accompanied the 
lowering of oxygen consumption during the first 2 hours; at 4 hours there 
was a slight rise but the figures were still far below the initial, already low, 
dystrophic level. This result is the opposite of the final effect of tocopherol 
on the muscle creatine of dystrophic rabbits when they are cured. The 
chloride concentration of the muscle remained high throughout and was 
not immediately influenced by tocopherol. 

The biopsy operation itself had no effect on either oxygen uptake or 
creatine content of normal muscle. a-Tocopherol phosphate had little, 
if any, effect on normal muscle; the only effect was a slight increase in 
oxygen consumption after 4 and 6 hours. 

The data are interpreted to mean that a-tocopherol phosphate is inti- 
mately connected with the complicated and yet unknown enzyme systems 
by which the physiological integrity of muscle tissue is maintained. 
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The biopsy experiments on dystrophic rabbits, described in an earlier 
paper (2), showed that the administration of a-tocopherol phosphate to a 
dystrophic rabbit lowers the excessive metabolic rate of muscle tissue to a 
normal level within the relatively short interval of 4 hours. The restora- 
tion of normal creatine appears to follow next, and of chloride only after a 
much longer, and as yet undetermined, interval. Obviously, a-tocopherol 
plays a rdle in the regulation of normal muscle processes. The following 
experiments establish the fact that a-tocopherol phosphate has a direct 
action on muscle cells in vitro and indicate that it affects fhe succinoxidase 
system. 

Muscles from rabbits and hamsters and three vitamin E-deficient rats 
were studied. The control medium for the measurement of oxygen con- 
sumption of tissue slices was a modified Locke’s solution; the experimental 
medium was this same solution containing 5 mg. per cent of a-tocopherol 
phosphate or of a-tocopherol as an emulsion. The former was prepared by 
dissolving 5 mg. of the phosphate in a few drops of water and making up to 
100 ce. with the Locke’s solution. Parallel duplicate (or more) measure- 
ments of oxygen uptake of all muscles were made simultaneously in both 
control and experimental nutrient solutions. 

As seen in Table I, the oxygen consumption of muscle from vitamin 
E-deficient rabbits and hamsters in the medium containing a-tocopherol 
phosphate averaged 41 and 36 per cent less than that of slices from the 
same muscle in the unsupplemented medium. The presence of a- 
tocopherol phosphate reduced the high oxygen consumption nearly to the 
normal rate. The Qo, of the vitamin E-deficient rat muscle was not 
significantly altered, but the oxygen consumption had not yet increased 
greatly beyond the normal. 

The oxygen consumption of the muscle of normal animals was not altered 
by the medium containing a-tocopherol phosphate. When the oxygen 
consumption had already been lowered toward normal by previous ad- 
ministration of a-tocopherol acetate to dystrophic rabbits, the addition of 


* A preliminary report of some of these results has been published (1). 
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a-tocopherol phosphate to the medium caused no significant change, 
The Qo, of muscle slices after immersion for 3 minutes in boiling Locke’s 
solution was negligible and was not influenced by a tocoph« rol phosphate, 
The a-tocopherol phosphate thus participates in a biological system and 
does not merely act as a non biological antioxidant. 

Results with a tocopherol in vitro were inconclusive (Table IT). Four 
expel iments on the dy St rophie hamster muscle showed no significant change 
and a large variability. Muscle from normal hamsters showed no change, 
Whether the emulsion secured was not sufficiently fine, whether absorption 


TABLE | 
In V tro Infl ence O} a T ocophe ol Phosphate on Oxryge nil pl ke o} Vuscle fron Vitamin 
E-Deprived and Normal Animals 


00 r ea r 

\ No ae D issue 

a TT ( I tai atine 

me 
y , 

mm. | nm. O , mg. per cent 

Vitamin E-deficient rabbit ! 2.54 1.45 1] 157 
(0-3 .2 1 .29-1.64 26-49 $23-515 

han 9 2.89 1.86 f 271 
ste! 2.31-3.35 1.61-2.05 0) 2 329 

Destroved* 4 0.06 0.08 
0.040. 1 0.{ 0.12 

\ min | lf cient > | 73 | yy? ‘ 14h 
1 .32-2.25 1 .24-2.10 2 131-460 

Normal rabbit 2 1.34 1.40 f 154 
1-1 39 1. 30-1.5]1 0 ) 130-468 

Vitamin E-deficient rabbit, 2 1.72 1.62 0 195 
treatedT | 65—-1.80 | 58-1 65 s 1-50] 

Normal hamster I 1.74 78 “ 7 
The tissue slices were dropped in boiling Locke’s solution and heated 3 minutes 


+t Given a therapeutic dose of 25 mg. of a-tocopherol acetate 48 hours previously 


into the cell was unsatisfactory, or whether a tocopherol requires phos- 
phorylation to be active are as vet open questions. 


Since a tocophe rol phosphate did not affect the Qo, of normal muscle or 


of muscle from dystrophic animals that had pre viously been given a- 


} 
| 


tocopherol, it may be assumed that these muscles already contained the 
optimum amounts ol tocopherol! necessary for normal metabolic processes. 
Some form of a tocophe rol is thus directly concerned in the enzyme systems 
of muscle tissue to inhibit or at least regulate some step or ste ps in the oxida- 


tion-reduction systems. For further insight into the nature of these sys- 
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tems in which a-tocopherol phosphate seems to participate, comparisons 
were made of the oxygen consumption of normal and vitamin E-deficient 
muscle when sliced, minced, and homogenized. 

Phe thigh muscle from normal and vitamin E-deprived hamsters was 
ised. Minced tissue was prepared by the tissue mincer of Seevers and 
Shideman (3 Slices and portions of the mince were rapidly weighed in 
wet condition with a precision balance. The homogenate was prepared 
by homogenizing (4) a weighed amount of mince in the nutrient solution. 
After appropriate dilution, a measured amount was pipetted into the 
respiration vessels. Microscopic examination revealed that few if any 
intact cells remained \ like sample of muscle was weighed and dried at 


110°. from which the dry weight of wet tissue used was calculated. 


TABLI I] 
In } Eff of a-Tocop} il on Oxygen Uptake of Muscle from Vitamin E-Deprived 
and Normal Hamsters 


O 
~~ ‘ a Decrease Creatine 
per cent « 
pher 
mm. mm. per enti me. per ent 
Norma 1.50 1.65 —10 357 
1 6 1.70 0 387 
Vitamin E-deprived 2.éaa 1.98 27 351 
Vitamin E-de ed 2.13 2.88 — 34 200 
Vitamin | é ed 2.43 2.49 0 331 
Vitamin | ( ed 2.85 2.74 ! 324 


Mineing and homogenizing lowered the Qo, of normal muscle by 54 
nd 60 per cent respectively and lowered the Qo, of dystrophic muscle 71 
and 78 per cent respectively (Table II] Although the Qo, of the dys- 
trophic muscle slice was 61 per cent higher than the Qo, of normal muscle 


mince and homogenate gave virtually identical oxygen 


slice, the mus 
consumption values for both normal and dystrophic muscle. The range of 

ilues for the mince was the same for both tvpes of muscle, but with the 
the dystrophic muscle had a greater range than the normal. 
The amount of homogenate or mince used had no significant influence on 
the trend of the oxygen uptake. 

Che high oxygen uptake of vitamin E-deficient muscle is thus dependent 
on an intact structure. It is unlikely that the cell wall controls the diffu- 
sion of oxygen or that the small amount of a-tocopherol phosphate neces- 


sary to cause a reduction in oxygen consumption would alter the state of 
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the cell wall or block the diffusion of oxygen. A more plausible alternative 
is that an enzyme system is involved that depends, for its complete fune- 
tion, on the cell structure to keep its components intact. Such an enzyme 
system should show the dilution effect, in that it has one or more water- 
soluble components that would diffuse away from the rest of the system and 
thus leave too low a concentration for proper function. 

One of the systems that demonstrates this dilution effect is the suc- 
cinoxidase system. The soluble, diffusible factor in this system is cyto- 
chrome ¢ (5). A study of this system in the vitamin E-deficient tissue was 


TABLE III 


Effect of Mincing and Homogenization on Oxygen Uptake of Normal and Vitamin 
E-Deprived Hamster Muscle 


Slice Mince Homogenate 
Condition 
Ar wr j mount F 7 
00. Amount iry 00, Ar vount iry Qo, 
t | Dasis 
c.mm.Os meg. c.mm. Os me. c.mm. Os 
Normal 1.85 25.9 1.08 
2.17 26.4 0.75 27 .6 0.87 
1.87 2.0 0.47 38.0 0.70 
1.57 30.4 0.71 30.6 0.65 
1.44 29.4 0.92 24.9 0.57 
1.36 10.3 0.59 
Average 1.71 30.8 0.79 32.3 0.68 
Vitamin E - de 3.46 20.5 0.99 17.2 1.10 
prived 2.78 15.8 1.06 11.0 0.23 
2.38 24.1 0.63 22.8 0.44 
2.90 25.4 0.78 27 .6 0.79 
2.25 26.0 0.57 
Average 2.75 22.9 0.81 19.6 0.64 


undertaken because of the simplicity of the method of isolating the system 
and eliminating side reactions and because the cytochrome c-cytochrome 
oxidase components involved are believed to be a primary point of entry 
for oxygen into biological oxidations. 

Succinoxidase activity was determined by the method of Potter (5) 
on the muscles of normal and dystrophic hamsters, and of normal and 
paralyzed suckling rats. The sodium succinate solution was prepared so 
that 0.1 ec. gave a concentration of 0.025 mole in the final (3 ec.) reaction 
mixture. The phosphate buffer, 0.03 m, was adjusted to pH 7.4 and con- 
tained 20 y per cent of calcium. Cytochrome ¢ was prepared by the 
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method of Keilin and Hartree (6). The tissue was minced and homog- 
enized in a known amount of cold phosphate buffer, and measured out with 
a calibrated pipette. After the control samples were removed, a-tocopherol 
phosphate was added to the homogenate in the form of a water solution, 
and, to secure uniform mixing, this was homogenized again for about 1 
minute. 

a-Tocopherol was added as such to the homogenate and the mixture 
On occasion, desoxycholic acid was added 
in advance of the a-tocopherol. Each vessel contained the tissue homog- 
enate with or without additions, a cytochrome c preparation providing 
approximately 2 to 3 X 10-§ mole, 0.025 mole of succinate, and buffer to 
make 3.0 ec. The center well contained filter paper moistened with KOH 
The succinate and additional buffer were placed in the side 


was also again homogenized. 


solution. 


TaBLeE IV 
Vitamin E Deprivation and Succinoxidase Activity of Hamster and Rat Muscle 


Qo... succinoxidase activity 
oad and rg ee —| et | oe 
hn 8 ist period Average he normal*® muscle slice 
periods 
c.mm. Oz c.mm. Oz | c.mm. Os 
Normal hamster 15.8 14.9 | 1.75 (3)t 
(14.9-16.4) | (13.9-16.4) (1.70-1.81) 
suckling rat 2 14.9 15.0 1.88 
13.7-16.1) | (14.0-16.0) | (1.77-1.98) 
Dystrophic hamster 12 12.1 38.4 162 | 3.61 (4)t 
25 .2-61.7 (24.9-60.0) | (63-295) | (3.00-4.11) 
Paralytic suckling rat 6 18.9 18.3 24 | 3.33 (2)T 
17 .5-20.0 (17.4-19.5) | (13- 32) | 


(2.80-3 .86) 





* Based on the first 10 minutes. 


+ The number of animals in the average. 


arm and tipped into the reaction chamber after the flasks had been equili- 
brated at 38° for 15 minutes. 3 minutes later, the first reading was made, 
and subsequent readings followed at intervals of 5 or 10 minutes. The 
results were calculated in terms of Qo. on the basis of the 10 minute r -ad- 
ings. Parallel determinations of the Qo, of muscle slices were also made. 

The suecinoxidase activity of dystrophic hamster muscle was much 
The difference 
between normal and paralyzed suckling rats was much less. The suc- 
cinoxidase activity of normal hamster muscles in terms of Qo, was 14.9 
to 16.4 e.mm. of Os, values somewhat lower than those reported by Axelrod 
et al. (7) for the thigh muscle of the rat. As a routine procedure in these 
experiments the succinoxidase activity of each tissue was determined at 


(162 per cent) above that of normal muscle (Table IV). 





| 











318 EFFECT OF a-TOCOPHEROL ON MUSCLE 


levels of approximately 2, 3, and 5 X 10-* mole of added cytochrome ec. 
These values were constant enough in every determination to serve as 
checks upon each other and to indicate true suecinoxidase activity. Dys- 
trophic hamster muscle had a Qo, value for succinoxidase activity of 42.1 
e.mm. of Oo. The range was considerable, 25.2 to 61.7 ¢.mm. of Os, and 
appeared to be related to the condition of dystrophy - the more se verely 
dystrophic, as judged externally, the higher was the muscle succinoxidase 
activity. In no case was there an over: p in values for dystrophic and 
normal muscles. The suecinoxidase activity declined only slightly 
throughout the 30 minute period. 

Proof that the oxygen uptake measure d was due to the succinoxidase Sys- 


tem was secured by the use of malonate. The addition of 0.03 mole of 


TABLE \ 
Effect of a-Tocopherol Phosphate on Succinoxidase System of \ n E-Devrived 
Hamster Musel 
YO xidase 'O 
Prepara N . ut | 
. 7 ‘ r 
[ ( 

mm , no er cer 
l 4 .U 7) 21.8 60 
9 54.0 5 21.8 60 
3 61.7 x) 12.0 80) 
{ 19.6 2 8.0 23 
5 17.0 ) 23.7 0 
Hh 1.6 10 5.0 9] 
7 54.0 ) 15.7 71 
Ss 206.4 } 6.6 te) 
Ave! ive V0.5 19.3 5Q 


sodium malonate to the system blocked 87 per cent ol the oxvgen uptake. 
Preparations from muscles of these deficient hamsters gave a average 
Vo, ol 28.3 e.mm. of O-» (21.8 to 32.0); in the presence of malonate the figure 
was 3.82 (1. 


If the suecinoxidase system is the one upon which tl 


723 to L606 
e increase in oxvgen 


consumption ol dystrophic muscle depends, then, a tocophe rol phosphate 
lices. The 


should lower it just as it lowered the Qo, of dystrophic muscle s 
following observations show that this is actually the case, 

As seen in Table V, a-tocopherol phosphate diminished the high sue- 
cinoxidase activity in vitamin E-deficient hamster muscle by 59 per cent 
(23 to 91 per cent); the amount of reduction was somewhat proportional 
to the concentration of a -tocopherol phosphate present. The suecinoxidase 


lin all but two extreme cases. 


activity was lowered nearly to the normal 
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The small amount of a-tocopherol phosphate (0.06 to 0.6 mg. per flask) 
could hardly be effective in any other way than as a chemical regulator of 
the succinoxidase system. The decreased activity of this system agreed 
well with the reduced oxygen consumption of dystrophic muscle slices 
effected by a-tocopherol phosphate in vitro and in vivo. 

a-Tocopherol did not lower the oxygen consumption of dystrophic 
muscle slices in vitro. The inability of the muscle cell to absorb this 
water-insoluble material, or the lack of a sufficiently fine emulsion, might 
be limiting factors. Since the succinoxidase activity was measured on 
homogenates, the first postulate was excluded and the second could be 
tested by the use of some substance that lowered surface tension, such as 
desoxycholice acid. 

a-Tocopherol had no effect on the succinoxidase activity of vitamin E- 
deficient muscle. Desoxycholie acid did not alter the Qo, nor did it in- 
fluence a-tocopherol in altering the succinoxidase activity of dystrophic 
muscle. a-Tocopherol as such, therefore, appears to have no direct in- 
fluence on the enzyme system but must be phosphorylated or converted 


into some other water-soluble form to be effective. 


DISCUSSION 


The increased succinoxidase activity of vitamin E-deficient muscle, and 
its subsequent reduction by in vitro addition of a-tocopherol phosphate, 
have implications for biological oxidation in general. The fundamental 
position of the cytochromes in aerobic cellular respiration is obvious from 
the fact that aerobic respiration is largely blocked by cyanide (8), and that 
all carbohydrate oxidation is believed to take place through the cyto- 
chromes (9). Further, the succinate-succinic dehydrogenase system has 
long been recognized as one of the reducing systems for cytochrome. A 
final link for this and perhaps other systems has recently been proposed in 
the very labile flavoprotein, cytochrome reductase (10,5). At the moment, 
the major components of the complete succinoxidase system would appear 
to be suecinate, succinic dehydrogenase, cytochrome c, cytochrome re- 
ductase, or some analogous enzyme, and cytochrome oxidase. 

Skeletal muscle is high both in cytochrome oxidase and cytochrome c 

11), but its resting oxygen consumption is much smaller than that of 
organs containing half the quantities of these components. ‘Two possible 
explanations may be suggested for the relatively low oxygen uptake of 
normal muscle: (a) in proportion to its cytochrome content, the amount 
of hvdrogen brought to the evtochrome is relatively small owing to the 
limited quantity of some enzyme in the “‘anaerobic”’ part of the system, or 
b) there is some further mechanism which regulates the cytochrome system 
itself. 

In vitamin E deficiency, the Qo, of skeletal muscle rises toward values 
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that would put it in its proper order and place with respect to its cyto- 
chrome c-cytochrome oxidase content. A higher content of some enzyme 
component might explain this increase, except that administration of 
tocopherol to a dystrophic animal restores the oxygen consumption to 
normal too rapidly for any readjustment of enzyme content to take place; 
also, a-tocopherol phosphate in vitro immediately lowers the high Qo, of 
dystrophic muscle slices to a normal value. The succinoxidase system of 
muscle is also much less active than that of various organs. In the absence 
of tocopherol the activity of this system in muscle is greatly intensified, 
and the in vitro addition of a-tocopherol phosphate reduces it toward nor- 
mal intensity. Yeast cells, which contain no a-tocopherol, demonstrate a 
reduced oxygen consumption when a-tocopherol phosphate is added to the 
medium. 

The oxidation-reduction potential of tocopherol lies at 0.20 volt at pH 7 
(12). This is just below the potential of cytochrome c and between the 
potentials of cytochrome c and the known flavoproteins and other enzyme 
factors. a-Tocopherol might thus prevent reduction of cytochrome c by 
inhibiting the transfer of hydrogen (or electrons) at some particular link 
in the chain. Substituted phenols have been shown to inhibit the action 
of some flavoproteins (13), more specifically of cytochrome reductase (14), 
but not of cytochrome oxidase. 

To complicate matters further, it appears that a-tocopherol may have 
to be in its phosphorylated form, as is generally the case with the other 
vitamins that enter into biological oxidations. The mechanism of 
tocopherol action might therefore be one which involves its dephos- 
phorylation. 

At present, any conception of the action of tocopherol must remain 
highly speculative. In the form of its phosphate it acts as a brake on the 
oxidative mechanism primarily of skeletal muscle and in its absence these 
oxidative processes in muscle run riot. An altered creatine metabolism 
is one of the results of this disturbance. 


SUMMARY 


The high oxygen consumption of dystrophic rabbit and hamster muscle 
slices was lowered 40 per cent and toward normal by the addition of a- 
tocopherol phosphate to the medium. There was no influence on normal 
muscle slices. The Qo, of muscle slices after immersion for 3 minutes in 
boiling water was negligible and was not altered by a-tocopherol phos- 
phate. Results with a-tocopherol in vitro were inconclusive. 

Mincing and homogenizing lowered the Qo, of both normal and dys- 
trophic muscle. Although the Qo, of the dystrophic muscle slices was 60 
per cent higher than the normal, the mince and homogenate gave figures 
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for Qo, which were, respectively, identical for normal and dystrophic 
muscle. 

The succinoxidase activity of dystrophic hamster muscle was 160 per 
cent above that of normal muscle and somewhat proportional to the degree 
of dystrophy. The difference between normal and paralyzed suckling rat 
muscle was much less. The high activity was malonate-sensitive. 

a-Tocopherol phosphate reduced the succinoxidase activity of dystrophic 
muscle by 59 per cent and toward normal; this agreed with the decrease 
in Qo, of muscle slices produced by a-tocopherol phosphate in vitro and 
in vivo. a-Tocopherol, either alone or with desoxycholic acid, failed to 
influence the oxygen uptake due to succinoxidase activity. 

The possible réle of a-tocopherol phosphate in the metabolism of skeletal 
muscle is briefly discussed. 
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The method recently described by us (Allen and Viergiver (1)) for the 
determination of sodium pregnanediol glucuronidate is a modification of 
the procedure originally developed by Venning (3, 4), differing only in the 
means used for finally measuring the compound. In both methods n- 
butanol is utilized for the extraction of the compound from urine. It is 
necessary to extract the urine at least three times with butanol to secure 
essentially complete extraction from the urine, provided the volume of 
butanol used for each extraction is approximately one-third to one-quarter 
of the volume of urine. This necessarily takes considerable time, since the 
layers of the two solvents separate slowly. In general, one extraction can 
be made daily. Consequently, 3 days are required to extract the urine and 
the volume of butanol obtained is relatively large. 

\ technical difficulty in the proper collection and preservation of the 
irine also appeared in the course of the work. The urine must be extracted 
efore any hydrolysis of the compound into pregnanediol and glucuronic 
wid has occurred, since the method is based upon the isolation of the 
onjugated compound. If hydrolysis occurs prior to or during extraction, 
the free pregnanediol is not measured and low results are obtained. 
Venning recommends refrigeration of the urine during collection, followed 
by prompt extraction. We have found this procedure satisfactory when it 
was followed, but we have found it inconvenient and often impossible to 
secure satisfactory specimens, both in the hospital and in the home, when 
this method of preservation was supposedly followed. We decided, there- 
fore, to collect all specimens at room temperature in large bottles containing 
300 to 500 ee. of butanol, instructing the nurse, or the subject, to transfer 
each specimen as soon as voided to the bottle, followed by shaking of the 
bottle. ‘Ilhis method of collection has proved very satisfactory. There 
appears to be no deconjugation of that portion of the compound which is 
in the butanol phase. The compound, when dissolved in butanol, appears 
to be stable. Whether or not that portion of the compound which remains 
in the urine phase is adequately preserved in the conjugated form is not 
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so clear. It was decided, therefore, to study in detail the recovery in 
various extractions to see whether a single extraction of urine could be 
used, since with this scheme the samples could be collected and the first 
extraction made immediately. The determination of the amount of the 
compound present in the butanol phase could be postponed indefinitely 
and the samples remain in the bottles used for collection. 

The distribution of a soluble substance between two relatively immiscible 
solvents follows well recognized laws. It is possible, therefore, to predict 
the amount of the substance remaining in one phase (the urine) from the 
amount known to be present in the other phase (the butanol) provided that 
the relative solubility of the substance (sodium pregnanediol glucuronidate) 
in the two solvents is known, and provided that the exact volumes of the 
two phases are known. [or example, if the compound is 13 times as 
soluble in butanol as in urine, the concentration in the urine would be 
only one-thirteenth that of the concentration in the butanol but the relative 
amounts in the two phases would depend on the relative volumes of butanol 
and urine. It is quite obvious, of course, that sodium pregnanediol glu- 
curonidate is much more soluble in butanol than in urine. If it were not, 
the methods now used for the extraction would be entirely unsatisfactory. 
Consequently, it seemed feasible to carry out studies to determine the 
relative solubility of the compound in the two solvents and thereby make 
it possible to calculate the total amount present from the amount obtained 
by a single extraction with butanol. If the results proved fairly uniform, 
the method could be shortened by several davs and any concern over de- 
conjugation of the compound during collection could be eliminated. 

The formulae which apply to the various ramifications of the problem 
are given in a paper by Ralls, Jordan, and Doisy (2) and are developed 
from the basic formula for the distribution of a soluble substance between 


b \s 
Xn=A({-=- ) 
K +b 


two immiscible solvents. 


in which 


A = total amount of the compound (sodium pregnanediol glucuronidate) present 
Xn = amount remaining in the urine after n extractions 
K = Ch/Cu, where Ch = concentration in the butanol: Cu concentration in the 
urine 
b = Vu/Vb, where Vu = volume of the urine; Vb = volume of the butanol 
n = number of extractions 


From a consideration of the above formula it should be possible to 
determine K, the distribution constant, and A, the total amount present, 
if two successive extractions are made with butanol and the amount of 
sodium pregnanediol glucuronidate present in each extraction is deter- 
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mined. The addition of a known amount of the compound to a urine 
which had been previously extracted with butanol to remove all of the 
compound originally present would, of course, make it possible to deter- 
mine K from only one extraction because X, the amount remaining in the 
urine, would necessarily be the difference between the amount added and 
the amount present in the first butanol extraction. In such an experiment 
all factors but K would be known. This plan was not followed out, how- 
ever, because the extraction of urine with butanol also removes pigment and 
possibly other compounds which might alter the distribution of the com- 
pound, the experiment being, therefore, not an exact duplication of the 
procedure which would have to be followed in the case of the extraction of 
the compound from the original specimen of urine. It was decided, there- 
fore, to obtain the data from analyses of pregnancy urines and consequently 
two factors in the formula would be unknown, namely K and A. X, of 
course, is known in terms of A because A — X = the amount extracted 
by the butanol. 

An actual case will show that this is possible. In a given experiment 294 
mg. were obtained in the first butanol phase and b = 2.94; therefore, 


2.94 
A—24=A = 
K + 2.94 


In the second extraction 56 mg. were obtained in the butyl phase and b = 


3.01: therefore, 
eae 
, fF ~~ "ee? 


Solution of these two equations for A and K, gives A = 12.8, A = 363 mg. 

The general formula used for the calculation of K, from the amount of 
compound present in the first two butanol fractions, can be derived from 
the original formula and is as follows: 


Ch, Vu = Che V ue 


K = 
Pb. 
where Cb, = the concentration in the first butanol fraction, Cb, = the 
concentration in the second butanol fraction, Vu; = the volume of the 
first urine phase, Vue = the volume of the second urine phase, and Pb, 


and Pb, = the amount of compound in the first and second butanol frac- 
tions, respectively. 
The formula for the calculation of A, by use of the value of K obtained 


and the amount of compound in the first butanol fraction, is 


a P(e. Vu 
a Vb, 
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Method 


Pooled urine from subjects in late pregnancy was divided into several 
equal volumes and approximately } volume of n-butanol (saturated with dis- 
tilled water) was added to each. The solutions were thoroughly mixed by 
shaking and after standing overnight the two lavers were separated by use 
of a siphon. The emulsion usually present at the urine-butanol interface 
was broken up by cent rifugation, and the butanol and urine obtained added 
to the major portions of the two solutions. At this point, the total volumes 
of both the butanol and the urine were carefully measured and recorded. 

Repeated extractions were carried out according to the above plan and 
the butanol phase recovered at the end of each extraction was treated as a 
separate unit. Consequently, at the completion of the several extractions 
of the urine, there were on hand for each original specimen of urine several 
solutions of butanol: one representing the first extraction, another the 
second extraction, etc. Because of the small amounts of sodium preg- 
nanediol glucuronidate anticipated in the third extraction, the butanol 
fractions from several aliquots were pooled in order that a sufficient amount 
of the compound might be present lo! analy ss 
The determination of the sodium pregnanediol glucuronidate present 


in the first, second, and third extractions with butanol was made by the 


titrimetric method previously described (1 The butanol fractions were 
distilled to dryness in vacuo (a water pump was used), and the residue was 
dissolved in 60 ec. of 0.1 N sodium hydroxide Th sodium hvdroxide 
solution was extracted three times with 30 ec. volumes of butanol. The 
butanol was distilled to drvness in vacuo. The residue was dissolved in 


10 ec. of water and the sodium pre gnanediol glucuronidate was pre cipitated 
by addition of 0.4 m lead nitrate. The precipitate was separated by centrif- 
ugation, the mother liquor discarded, and the complex extracted from the 


precipitate with 0.08 N sodium carbonate made up in 60 per cent alcohol 


The amount « 
then determined. The total amount obtained bv separate determination 


f compound present in the sodium carbonate solution was 


of the amount in each of the three extractions should, of course, be the 


same as the total amount obtained by a single determination of the amount 


obtained by three extractions pooled before analysis In each case con- 
trols were run by the method previously described 

The data obtained from the extraction of neutral urine ( urine to 
which no acid or base was added) are given in Table I. The volumes of the 


two phases and the amount of the compound in the butanol fractions of 
the various extractions are given The concentration of the compound 
in the butanol phase was calculated and the values for Ch,, Vu, Che, Vues, 
and Pb. substituted in the formula and the value for K obtained for each 
separate observation The values obtained for K vary between 8.4 and 
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16.5. The average values for the two groups of experiments, however, 
are virtually identical, 13.2 and 12.8. The variation is in reality only a 
manifestation in K of the relative error of the method. 

The total amount present was obtained by totaling the amounts present 
in each of the three extractions and also by calculation from the amount 
present in the first extraction with the value 13 for K. The observed and 
alculated values are virtually identical. In the first group of experiments 


TABLE | 
{mount of Sodium Pregnanediol Glucuronidate (NaPG) Obtained in Each of Three 
Extractions oJ Veutral Urine with Butanol 
2nd extraction 3rd extraction Total 
: calcu- 
Total | lated 
I NaP< ve in 3 from Ist 
¢ rine 1G , 7 aPG : 
. v Butanol ar K Urine | Butanol N ~ extrac- | extrac- 
ons ime, |; Rove ) volume, | volume butanol,| toms tion, 
ur { | “— Vu Vb : Phs . K= 13, 
Pt . ' as A 
, ” ri ” me mes 
\ 1350 250 109 1330) 420 33 14.67, 1320 45 | 10 152 154 
B 1350 250 110 1340) 425 38 12.48 1350 165 | 10 158 156 
( 1350 250 105 1340) 450 11 10.96) 1345 160 1] 157 149 
i 
D 1350 250 105 1340) 435 | 32 14.64 1355 450 (II 148 149 
| 1350 Original method 159 
\verage 1350 250 107 1337) 432 36 13.19 155 152 
| 1140 390. 107 1140) 380 16 16.51) 1120 | 355 2.9 126 131 
CG 10' 375 103 1170) 385 19 13.45 1130 375 2.9 125 127 
HI 140 400 84 1160) 385 yA 8.39 1160 100 2.9 108 102 
| 1140 Original method 124 
J 10 7 128 
Average 1140 388 I 1157! 383 18.6 12.78 122 120 
Samples A. B. ¢ DD, and E are uliquots ol one stock solution of pregnancy urine; 
Samples F. G. H. I. and J are aliquots of another stock solution of pregnancy urine. 
Ch, I Ch. 
°K 
Pb 


155 mg. for the observed and 152 mg. for the calculated 


tne averages were 
mount, and in the second group, 122 mg. for the observed and 120 mg. for 
the calculated. It is apparent, therefore, that the total amount present 
n the urine can be as accurately calculated from the portion of the total 
mount present in the first butanol phase as it can be determined by com- 
plete extraction. The shortened procedure does not sacrifice accuracy. 
There is another step by which the procedure might also be simplified. 


The butanol-0.1 N sodium hydroxide distribution might be reduced to a 











328 SODIUM PREGNANEDIOL GLUCURONIDATE 


single extraction in a similar manner to the single extraction of the urine, 
This distribution was not studied in detail, however, because preliminary 
observations made when the method was being developed indicated that 
extraction was just as complete from urine made strongly alkaline before 
extraction with butanol as from neutral urine. Because of this, we sus- 
pected that the two steps could be combined; 7.e., the urine could be made 
alkaline and a single extraction made with butanol, the butanol then being 
evaporated to dryness, the residue dissolved in water, and the sodium preg- 
nanediol glucuronidate precipitated directly with lead nitrate. This 


TABLE II 
Amount of Sodium Pregnanediol Glucuronidate (NaPG) Obtained in Each of 
Three Extractions of Alkalinized Urine with Butanol 


ist extraction 2nd extraction 3rd extraction 


Total 
wea | Total | ated 
‘- Urine |Butanol — Urine |Butanol N aPG K l e |Butanol a enti . from Ist 
vol imé volume bu V | ime, volume , bates ol, volume, vol ime, bu tio mo 
V Vb; anon Vuxs | Vobe Phe V us V bs = Cm 2 
cc. ce mE ce. ce. me. c M me meg me 
K | 1310 | 290 | 108 | 1290 | 430 | 42 8.62, 1322 | 452 | 6 156 149 
L | 1310 290 | 106 | 1275 135 | 3l 12.51; 1322 152 | 6 143 146 
M | 1310 | 285 | 106 | 1335 | 445 | 34 | 11.33) 1322 | 452 | 6 | 146 | 146 
N | Alkalinized urine, 3 extractions pooled; butanol-0.1 N 140 
NaOH distribution omitted 
O Original method, 3 extractions pooled; butanol-0.1 Nn 138 
NaOH distribution included 
P 1260 | 370 83 | 1255 | 465 | 14.0; 17.48 100* | 106 
Q 990 | 310 95 1015 | 350 | 18.0 | 13.96 117* | 120 
R 1330 | 370 55 | 1340 | 470 | 16.0 | 9.50 67* 71 


_ 
to 
to 
w 


Average 


Samples of K, L, M, N, and O are aliquots of one stock solution of pregnancy urine. 
* Values obtained by analysis of unalkalinized aliquots by the original method. 


method was studied, therefore, to see whether the distribution constant, 
K, was the same for the butanol-alkaline urine as for the butanol-neutral 
urine phases. 

The observations were made from experiments carried out by essentially 
the same procedure as those used for the determination of the A given 
above. Urines from various stages of pregnancy were pooled. A small 
amount of butanol was added, but not enough to produce a butanol layer, 
and the urine was kept in the refrigerator until several liters were obtained. 
Aliquots were taken from the stock solutions and approximately 28 to 
30 cc. of 6 N sodium hydroxide were added to each 1000 ce. of urine. The 
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alkalinized urines were extracted three times with approximately 4 volume 
of butanol and the amount of sodium pregnanediol glucuronidate was 
determined in the first and second butanol phases. The amount in the 
third phase was also determined but this was usually done by pooling the 
third butanol phase from three aliquots. The amount of the compound 
present in each phase was determined by the regular procedure, the dis- 
tribution between 0.1 N sodium hydroxide and butanol being omitted. 
Control observations were made on aliquots by the original procedure. 

The data obtained from the extraction of alkaline urine are given in 
Table II. The values obtained for A vary from 8.62 to 17.48, the average 
value be ing 12.2 

In view of the wide variation in the value for AK, both in the first experi- 
ment with neutral urine and in the second experiment with alkaline urine, 
it seemed necessary to calculate the effect which these different values 
might have. If the value 8.0 is substituted in the formula, the calculated 
amount is 111 per cent of the correct amount (assuming K = 13 to be 
correct), whereas if the value 18 is used for K, the calculated amount is 95 
per cent of the correct amount, provided Vu/Vb = 3. The use of the 
average value, 13, therefore, seems justified. If the volume of butanol 
ised were considerably smaller, so that the amount of the compound ob- 
tained in the first butanol phase was proportionally much less, error in the 


letermination of the value of K would, of course, have a greater effect. 


DISCUSSION 


Che information obtained from this study is directly applicable to any 
method now used, or which may be developed, for the extraction of sodium 
pregnanediol glucuronidate from urine with butanol. If the Venning pro- 
cedure is employed, a single extraction with ‘butanol could be used, and 
the amount actually present could be readily calculated provided that the 
volumes of the butanol and the urins phases were noted. The result would 
doubtless be as accurate as if the urine had been more thoroughly ex- 
tracted. ‘The results of this study would not apply, however, to the extrac- 
tion of pregnanediol itself from the urine after hydrolysis. 

We have not attempted to analyze routine specimens by alkalinizing the 
urine before extraction with butanol, chiefly because the precipitate ob- 
tained with lead nitrate is rather bulky, but nevertheless manageable. 
Further experiments have revealed that the butanol-sodium hydroxide dis- 
tribution apparently has to be retained in one form or another, because if 
it is omitted high results are frequently obtained. Also, when the butanol- 
sodium hydroxide distribution is omitted, the lead precipitate is usually 
rather gummy and the extraction with sodium carbonate may be 


unsatisfact ry. 
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SUMMARY 


The distribution of sodium pregnanediol glucuronidate between butanol 


and urine has been studied. Sodium pregnanediol glucuronidate was 


found to be 13 times as soluble in butanol as it is in neutral urime and 12 
times as soluble in butanol as it is in urine made strongly alkaline with 
sodium hydroxide. By the use of these values for the distribution con- 


stant, A, it is possible to calculate the total amount present in a given sam- 


ple ol urine from the amount actually obtained b a sing traction with 


approximately 4 volume of butanol. The values so obtained are virtually 
ide tical vith the alues obtain a bv complete « ‘traction of the uring and 


considerable time and labor ‘are saved 
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3. Venning, E. H., J. Biol. Chem., 119, 473 (1937 
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It was recently demonstrated that a considerable proportion of the amino 
ind phenolie groupings of tobacco mosaic virus could be substituted with 
wetyl or phenylureido radicals without the loss of biological activity, and 
that the virus which was propagated in plants inoculated with the deriva- 
tives was normal virus (1). On the basis of this and additional evidence, 
it was concluded that the particular amino and phenolic groupings which 
were substituted were not important to the mechanism of reproduction of 
the virus. In order to confirm these observations and to determine whether 
this behavior was independent of the nature of the substituent groups, a 


number of other derivatives of the virus have been prepared. 


Benzoylated tobacco mosaic virus possessing full biological activity has 
een described by Agatov (2). In the present investigation carbobenzoxy, 
chlorobenzoyl, and benzenesulfonyl derivatives of tobacco mosaic virus 


vere studied. The derivatives were prepared by the addition of the appro- 
acid chloride to a solution of virus buffered at pH 8. The reactions 


ere, for the most part, carried out at room temperature and were allowed 
to proceed for different periods of time to yield derivatives of varying com- 
position. The products were then tested for amino nitrogen, phenol plus 
ndole groups, and specifie virus activity. 


The results are presented in Table I. The reagents are listed in the order 
f decreasing reactivity with the amino groups of the virus. The determi- 
nations of amino nitrogen by the Van Slyke method (3) are considered to 
ve more reliable than those by the ninhydrin method (1). The maximum 
substitution of amino groups, namely 83 per cent, was comparable to that 
obtained in acetyl derivatives of the virus (1). The most extensive substi- 
tution of phenol plus indole groups was obtained in the benzenesulfony] 
virus, in one preparation of which 28 per cent of these groups was affected. 
It may be noted that the benzenesulfony] virus failed to exhibit a significant 
recovery of chromogenic power after treatment at pH 11. This finding was 
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to be expected, however, on the basis of the known stability of the benzene. 
sulfonyl-phenolic linkage to alkali (4). We have observed that the acetyl- 
phenolic linkage in acetylated virus undergoes spontaneous hydrolysis jn 
aqueous solution (5). A similar breakdown in the carbobenzoxy, p-chloro- 
benzoyl, or benzenesulfony] virus derivatives, if it occurs at all, takes place 
more slowly and, up to the present time, has been difficult to demonstrate 
conclusively. 

The activities of the derivatives, as determined by tests on Nicotiana 
glutinosa L. (Table I), show that approximately 70 per cent of the amino 
groups of the virus could be substituted with carbobenzoxy or p-chloroben- 
zoyl groups without an appreciable inactivation of the virus, although 
further reaction in these cases was accompanied by a loss of activity. At 


TABLE | 


Prope rties of Carbobenzozy,. p Chlorobenzoyl, and Benzenesulfo 








T obacco VW osaic Virus 
NH: groups Phenol + indole Specific virus 
Ten substituted groups substituted 
Reagent = Time 
perature 
Van Nin- - Vi Phaseolus 
Slyke hydrin pH 8 pH 11 glutin vulgaris 
a min. per cent | percent | percent | per cent per cent per cent 
Carbobenzoxy 24 15 76 63 6 6 85 47 
chloride 24 30 77 72 6 3 67 14 
24 60 82 SO 7 3 38 5 
p-Chlorobenzoy] 24 30 53 41 10 { 100 93 
chloride 24 60 69 59 1] 5 98 51 
0 180 &3 75 13 4 69 12 
Benzenesulfony! 32 30 29 18 23 23 105 83 
chloride 32 60 53 37 28 29 65 35 
32 360 69 53 26 24 38 10 





the same time, derivatives containing somewhat fewer benzenesulfonyl 
groups exhibited a diminished infectivity. Of the phenol plus indole 
groups, 20 per cent could be substituted without loss of biological activity 
The results were thus far in close agreement with those 
They seemed 


on N. glutinosa. 
obtained with the acetyl and phenylureido derivatives (1). 
to differ, however, when the measurements of activity were carried out on 
leaves of Phaseolus vulgaris L., as indicated in the last column of Table I. 
For example, in certain instances the activity was found to be appreciably 
lowered when it was determined on P. vulgaris, whereas it was essentially 
Furthermore, the rate of inactivation meas- 
Thus, 


unchanged on N. glutinosa. 
ured on P. vulgaris was greater than that measured on N. glutinosa. 
in the extreme cases, the virus derivatives were 6 to 7 times as active on 
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N. glutinosa as on P. vulgaris. The reliability of the individual activity 
measurements was established by repeated determinations of the activities 
of some of the pre parations on each of the test plants used. Since the virus 
derivatives exhibited different activities for the two hosts when the amino 
groups were substituted more than 50 to 70 per cent, it might be concluded 
that the differences in activity were the direct result of the specific chemical 
changes indicated. ‘The possibility cannot be excluded, however, that the 
observed biological effects were the result of structural changes of a second- 
ary nature not revealed by the chemical tests which were applied. 

In the previous studies with acetyl and phenylureido derivatives of 
tobacco mosaic virus (1), the activity measurements were made more or less 
indiscriminately on plants of both Phaseolus vulgaris and Nicotiana gluti- 
nosa. Nosignificant differences in activity on the two hosts were observed, 
but it may be recalled that only in a few cases were derivatives obtained in 
which losses in activity were manifested. In order to test for the possibil- 
ity of a differential inactivation of the acetyl virus, the specific biological 


activity of partially inactivated acetyl virus was redetermined on both P. 


vulgaris and N. glutinosa. It was found that the preparation of virus 
which had been treated with ketene for four separate 1 hour periods (1) was 
approximately twice as active on N. glutinosa as on P. vulgaris. Since the 
acetyl derivative posses sed a differential activity towards two hosts, it was 


oncluded that this behavior, first discovered with the carbobenzoxy, 
p-chlorobenzoy!, and benzenesulfonyl derivatives of the virus, could not be 
attributed to the particular nature of the substituent groups in the latter 
Cases 

It was next of interest to determine whether the inoculation of plants 
with the derivatives would give rise to the propagation of normal virus. 
Concentrations of 10-* gm. per ec. of the “30 minute” carbobenzoxy, the 
“60 minute” p-chlorobenzoyl, and the ‘360 minute”’ benzenesulfonyl virus 
preparations were rubbed on separate batches of young Turkish tobacco 
plants. The disease which was produced in each case was indistinguishable 
from the normal! disease. After the diseased plants had grown for 3 weeks, 
the virus was isolated by differential centrifugation of the expressed juice. 
The purified virus preparations yielded by the ninhydrin and Herriott 
methods 93 + 3 and 104 | per cent, respectively, of the color given by a 


sample of normal virus employed as a standard. The values obtained were 


within the limits of accuracy of th 


» methods of analysis. The results, 
therefore, confirmed those obtained with the acetyl and phenylureido 
derivatives, and indicated that the particular amino and phenolic groupings 
which were substituted were unimportant to the mechanism of virus repro- 
duction. From a consideration of the activity measurements as a whole, 


is quite apparent that, within the limits of the variety of derivatives 
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studied, the nature of the chemical groups which were substituted on the 
amino and phenolic linkages of the virus had, per se, rather little specific 
effect on the physiological behavior of the derivatives. 

An explanation of the observed biological infectivity of the various de- 
rivatives might reside in the ability of the plant cells to hydrolyze the arti- 
ficially attached groupings and thereby to restore the virus to its normal 
form. Furthermore, the variation in specific virus activity on the two host 
plants studied may have been due to a difference in their ability to cleave 
the substituted radicals. Experiments were therefore carried out in an 
effort to answer the question of the ease of cleavage. Approximately 100 
mg. samples of acetyl, phenylureido, carbobenzoxy, and p-chlorobenzoyl 
virus were each added to 50 gm. portions of mash obtained by grinding 
leaves of Nicotiana glutinosa in a meat grinder. The mixtures were allowed 
to stand for 24 hours at 25°, after which the virus samples were isolated and 
purified by the usual procedure. When tested for amino nitrogen, the 
isolated preparations, considered in the order given above, yielded values 
indicative of 70, 45, 78, and 47 per cent substitution. The values on the 
original preparations were 75, 50, 80, and 49 per cent, respectively. Simi- 
larly, no significant changes were observed in the va'ues for phenol plus 
indole groups. The evidence suggests, therefore, that any enzymes which 
may have been present in the plant were unable to cleave the various 
groupings which had been attached to the protein by chemical means. It 
is possible, of course, that the conditions employed did not sufficiently 
simulate those existing within the plant cells. 

It must finally be pointed out that most of the conclusions thus far made 
are dependent on the assumptions that in any given preparation of the 
derivatives the virus molecules were altered to approximately equal degrees 
and that no normal virus was present. Since a change in electrochemical 
properties was to be expected to accompany the alterations in chemical 
structure, a method of testing for homogeneity was provided by the use of 
the Tise'ius electrophoresis apparatus. The measurements were made at 
pH 7.9 in veronal buffer in which 80 per cent of the ionic strength of 0.1 was 
provided by sodium chloride. The “30 minute” carbobenzoxy and the 
“60 minute’ p-chlorobenzoyl derivatives each possessed a mobility of 

8.7 X 10-* sq. em. per volt second, and the ‘‘60 minute” benzenesulfonyl 
derivative a mobility of —8.3 K 10-° sq. em. per volt second. Under the 
same conditions, the normal virus possessed a mobility of —8.0 & 10-5 sq. 
em. per volt second. Aside from the differences in mobility, the electropho- 
retic patterns given by the derivatives showed a degree of electrochemical 
homogeneity comparable to that shown by the normal virus. It was found 
that 5 per cent of normal virus, if present as a contaminant in preparations 
of the derivatives, could readily be detected by the present method. This 
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is illustrated by the scanning diagrams (6) presented in Fig. 1 for the nor- 
mal virus, the carbobenzoxy virus, and a mixture containing 95 parts of 
earbobenzoxy virus and 5 parts of normal virus. From the appearance of 
the diagrams for each of the derivatives, it was concluded that the extent 
of contamination was less than 5 per cent. Electrophoresis diagrams 
obtained in experiments with equal proportions of normal virus with each 
of the derivatives were similar in character to those obtained with the 
corresponding mixtures in previous studies with the acetyl and phenyl- 
ureido virus (1). 

From an inspection of the activity measurements, as presented in Table I, 
it is apparent that the presence of even as much as 5 per cent of normal 
virus as an impurity could account for only a small proportion of the infec- 


Fic. 1. Tracings of Longsworth seanning diagrams of ascending boundaries ob- 
tained during electrophoresis of (a) 0.2 per cent normal virus, (6) 0.2 per cent carbo- 
benzoxy virus, (c) a mixture of 0.2 per cent carbobenzoxy virus and 0.01 per cent 
normal virus. Field strength, approximately 3.2 volts perem. The vertical arrows 


indicate starting positions of the boundaries 


tivity which was exhibited by most of the derivatives tested. It may safely 
be concluded, therefore, that individual units of the derivatives possessed 
biological activity. The possibility still remained, however, that a small 
amount of contamination with normal virus was responsible for the repro- 
duction of normal virus observed in the Turkish tobacco plants which 
were infected with preparations of the derivatives. This question was 
considered in previous studies and, by special methods which were de- 
scribed, it was demonstrated that contamination could not have been 
responsible for the results which were obtained (1). Because of the almost 
complete agreement between the results of the present study and those of 
the earlier one, it was considered unnecessary to investigate this question 


further in the present case. 
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Although heritable virus derivatives have not yet been prepared in vitro 
by chemical means, virus derivatives have for the first time been prepared 
which exhibit different specific activities towards different hosts. 


EXPERIMENTAL 


Preparation of Virus Derivatives—A solution of 0.25 om. of ultracentri- 
fugally isolated tobacco mosaic virus in 25 ec. of 0.2 Mm phosphate buffer 
at pH 8.4 was treated with 0.2 cc. of the appropriate acid chloride with 
mechanical stirring. At the end of the chosen time, the excess of reagent 
and any insoluble material present were separated by means of centrifuga- 
tion and the virus solution was dialyzed overnight against 40 liters of 
distilled water at 4° and used for the various chemical and biological 


studies. 
Analytical Methods—The ninhydrin procedure was employed as described 
in a preceding paper (1 In the Van Slyke procedure it was found that 


the virus yielded slightly larger amounts of amino nitrogen at the higher 
temperatures encountered during the summer months. It was therefore 
necessary to control each determination by an analysis of normal virus at 
the same temperature 

The determinations of phe nol plus indole groups were carried out by 
recent modifications of Herriott’s methods in which sodium dodecyl sul- 
fate in acid solution was employed in the pH 8 method to insure complete 
denaturation of the virus (5), and a period of 3 hours was allowed for the 
treatment with alkali in the pH 11 method to obtain essentially complete 
denaturation of the virus and saponification of the substituted phi nolie 
linkages (4 

Veasurements of Specific Virus Activity The determinations of specific 
virus activity were carried out by the half leaf method as used in this 
laboratory 7). \t least forty half leaves were employed for each measure- 
ment. An increased accuracy Was obtained through the use of standard 
reference curves, which were obtained by determining the apparent activi- 
ties of suitable dilutions of a standard virus solution when compared 
against the standard itself. Thus, dilutions of virus containing from 
0.025 * 10“*to0.4 X 10° gm. per cc. were tested against the standard of 
0.5 X 10~-* gm. per cc The apparent per cent activities which were found 
were then plotted against the actual concentrations expre ssed as per cent 
of standard, as shown in Fig. 2. The resulting curves were employed as 
standards of reference for the determination of the actual activities of 
known concentrations of the virus derivatives after they in turn had been 
compared with the same standard used above. It is probable that these 
reference curves were strictly valid only for the set of conditions such as 
temperature, light, humidity, average number of lesions per half leaf, ete., 
under which they were determined. As further shown in Fig. 2, when 
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points on the standard reference curves were redetermined at later dates, 
fairly reproducible results were obtained in the case of the test plant, 
Phaseolus vulgaris. The results with Nicotiana glutinosa were, however, 
more erratic. The activity measurements for most of the virus deriva- 
tives reported in Table I were made within a few days of the determination 
of the standard curves, under very similar general conditions. In addi- 
tion, the measurements of different preparations of any given derivative 
were usually all carried out at the same time, thus lending greater reli- 
ability to the differences in activities which were observed. 





00,0 Activity on N. glutinosa 
20 “22.0 “ « Pp vulgaris 


~ 


L 








Apparent activity (per cent of standard) 


0 20 40 60 80 100 
Actual concentration (per cent of standard) 


iG. 2. Standard reference curves obtained by determining the apparent activities 


of dilutions of tobacco mosaic virus varying from 0.025 X 10~* to 0.4 X 10~‘ gm. per ec. 

when compared with a standard virus solution containing 0.50 X 10-4 gm. per cc. 

rhe | symbols indicate the principal set of measurements on the basis of which 

the tivitie of the various derivatives were determined. The crossed and open 
s indicate additional measurements which were carried out later 


It was found that, when solutions of tobacco mosaic virus of unknown 
activity were so adjusted in concentration that they caused about the same 
average number of lesions per half leaf as did the standard virus solution 
against which they were compared, an accuracy of +10 per cent might be 
expected in activity measurements with test plants of Phaseolus vulgaris, 
and nearly as high an accuracy with test plants of Nicotiana glutinosa. 
These observations permitted us to check the accuracy of our data by a 
method illustrated by the following example. In duplicate measurements 
on leaves of P. vulgaris, the “180 minute”’ p-chlorobenzoyl preparation was 
found to possess an apparent specific virus activity of 46 to 48 per cent. 
These values, according to the appropriate standard reference curve, indi- 
cated an actual specific activity of only 11 per cent. The same prepara- 
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tion of virus derivative, when placed on test plants at a concentration 10 
times that of the standard against which it was compared, gave an appar- 
ent activity of 106 per cent which, after correction on the standard refer- 
ence curve and correction for the factor of concentration, yielded a final 
real activity of 11 per cent. By this same procedure, with concentrations 
of the virus derivative of 5 and of 8 times that of the standard, final real 
activities of 15 and 11 per cent, respectively, were obtained. An average 
value of 12 per cent was therefore quite well established. An analogous 
set of experiments with N. glutinosa as the test plant established the 
specific virus activity on this host as around 69 per cent. This prepara- 
tion of virus therefore possessed approximately 6 times as much activity 
on the host plant, N. glutinosa, as on P. vu'garis. In view of these results, 
there is no reason to suspect any substantial error in the values given in 
Table I for the specific virus activities of the other preparations of virus 
derivatives. 


SUMMARY 


Carbobenzoxy, p-chlorobenzoyl, and benzenesulfonyl derivatives of 
tobacco mosaic virus have been prepared and demonstrated by means of 
electrophoretic measurements to contain less than 5 per cent of unaltered 
virus as a contaminant. 

Measurements of specific virus activity on leaves of Nicotiana glutinosa 
indicated that about 70 per cent of the amino groups of the virus could be 
substituted without the loss of infectivity. Further reaction was accom- 
panied by the inactivation of the virus. In general, 10 to 20 per cent of 
the phenol plus indole groups could be substituted without a decrease in 
activity. When tested on leaves of Phaseolus vulgaris, a number of the 
derivatives exhibited a significantly lower specific activity than when 
tested on leaves of Nicotiana glutinosa. When samples of each of the 
derivatives were inoculated into plants of Turkish tobacco and allowed to 
propagate, normal virus was formed. ‘The results as a whole confirmed 
those previously obtained with the acetyl and phenylureido derivatives. 
It was therefore concluded that the nature of the substituent chemical 
radicals had rather little specific effect on the physiological behavior of the 
derivatives. 
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In applying Herriott’s methods (1) to the determination of phenolic 
groups in acetyl and phenylureido derivatives of tobacco mosaic virus, 
Miller and Stanley introduced urea into the mixtures of virus and color 
reagent in order to minimize turbidity (2). This was particularly impor- 
tant in the pH 11 method, since the virus became denatured at pH 11 and 
the urea was required to disperse the denatured protein. It was gradually 
realized, however, that in addition the urea exerted a denaturing influence 
on the virus under the conditions of the pH 8 method. This was indicated 
by the progressive disappearance of the opalescence characteristic of solu- 
tions of tobacco mosaic virus. The degree of denaturation of samples of 
the virus was found to determine the amount of color given by the virus 
in the pH 8 method. Furthermore, different preparations of virus were 
observed to vary in their rates of denaturation. Preparations of acetylated 
virus (2) were, as a rule, denatured at a rate comparable to that of normal 
virus. The phenylureido virus (2) and carbobenzoxy, p-chlorobenzoyl, 
and benzenesulfonyl derivatives more recently prepared (3) were, how- 
ever, relatively more resistant to denaturation. It appeared necessary, 
therefore, to evolve a method by means of which a more uniform denatura- 
tion might be obtained. 

The earlier work of Stanley and Lauffer on the denaturation of tobacco 
mosaic virus in urea (4) suggested that a more rapid and uniform denatura- 
tion should be brought about if the final pH of the mixtures of virus, urea, 
and color reagent was made slightly more alkaline. Preliminary studies 
showed this supposition to be correct. However, it was discovered during 
the course of these experiments that the pH of the mixtures gradually 
changed during the period of time allowed for the color development. 
For example, when the amounts of the phosphate buffer and Folin color 
reagent were adjusted to give a pH of 7.6 after 20 minutes of standing, the 
initial pH was 8.2. When the amounts were adjusted to give a pH of 7.8 
after 20 minutes, the initial pH was as high as 9.4. In view of the lability 
of substituted phenolic linkages to alkali (5), the procedure under the less 
alkaline conditions represented by the first experiment appeared to be 
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preferable for measurements to be carried out on the derivatives of the 
virus. Unfortunately, however, a complete denaturation of the virus by 
means of the urea could not be expected at the lower pH. 

Development of Procedures with Sodium Dodecyl Sulfate As the Denaturing 
Agent in the Determination of Phenol Plus Indole' Groups—The solution to 
the problem of obtaining complete denaturation of the virus without danger 
of hydrolysis of substituent groupings was found in the observation that 
the virus could be denatured rapidly and completely in weakly acid solu- 
tion by means of the detergent, sodium dodecyl sulfate.2. On this basis, 
a modified pH 8 method was worked out as follows: To 1 or 2 mg. of virus 
or virus derivative in 1 ec. of solution were added 0.2 cc. of 10 per cent 
sodium dodecyl sulfate and 0.1 ec. of 0.2 N hydrochloric acid. The opal- 
escence of the mixture disappeared within a few seconds. ‘The pH was 2.1. 
After 2 minutes, the mixture was neutralized with 0.1 ec. of 0.2 N sodium 
hydroxide, and 1 cc. of phenol reagent and 2 cc. of phosphate buffer were 
added. “The buffer was made up of 9 parts of 0.5 mM disodium phosphate 
and | part of 10 per cent sodium hydroxide. The phenol reagent before 
use was diluted so that 1 ec. of the reagent mixed with 2 cc. of the phosphate 
and 1 cc. of water would give a pH of 7.6 to 7.7 after 10 minutes. The 
final mixture of virus, detergent, and color reagents developed the char- 
acteristic blue color of the phenol test. Evidence that complete denatura- 
tion was obtained under these conditions was provided by the observation 
that, in the case of the normal virus, the same chromogenic power which 
was obtained above was also exhibited when the virus was heated with the 
acid detergent for 10 minutes at 100° or when it was first denatured with 
alkali under the conditions of the pH 11 method and then subsequently 
neutralized with acid and dispersed with detergent. 

The stability to the acid detergent of the substituted phenolic linkages 
in the various derivatives of the virus was established by means of control 
experiments with the corresponding derivatives of tyrosine. For these 
tests, 1 ec. aliquots of solutions of diacetyl, diphenylearbamido, dicarbo- 
benzoxy, dibenzoyl, and dibenzenesulfonyl derivatives of tyrosine, made 
up as described elsewhere (5), were each treated with detergent and 


'Itisa recognized fact that indole as well as phenol groups respond to the Folin 
color test It appears, however, that in proteins the phenol groups are gene rally 
more affected by reagents such as ketene than are the indole groups. Since it is 
uncertain what proportion of the total chromogenic power of the unhydrolyzed virus 
towards the Folin reagent is contributed by the phenol groups and what proportion 
by the indole groups, it is necessary to measure the extent of substitution of phenol 
groups empirically in terms of phenol plus indole groups 

2? We wish to thank Dr. 8S. Lenher of E. I. du Pont de Nemours and Company 
Inc., for putting in our hands a generous supply of analytically pure sodium dodecyl 


sulfate. 
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hydrochloric acid as above, and were allowed to stand at room temperature 
for 60 minutes. The mixtures were then neutralized and the color reagents 
were added. The colors of the final solutions were compared with suitable 
standards. No significant hydrolysis of the substituted phenolic linkages 
was observed in any case except that of the acetyltyrosine, in which case 
only 3 per cent hydrolysis was observed. These results indicated that the 
hydrolytic cleavage of such linkages during the analysis of derivatives of 
the virus by the above procedures was improbable. It was therefore 
concluded that reliable results were obtainable by the modified pH 8 method 
described. 

[It was next of interest to determine whether the sodium dodecyl] sulfate 
could be incorporated into the saponification procedure of the pH 11 
method. It was first attempted to obtain saponification and denaturation 
f the virus preparations by treating 1 cc. of virus solution with 0.2 cc. of 
10 per cent detergent and 0.1 ee. of 0.2 N sodium hydroxide. Under these 


( 


conditions, the normal virus was quite readily denatured but preparations 
of certain of the derivatives, in particular those which previously had been 
found to be resistant to denaturation with urea, were very slowly denatured 
by the alkaline detergent. Furthermore, in control experiments with 
derivatives of tyrosine it was noted that the sodium dodecyl sulfate 
exerted an inhibitory effect on the saponification of the substituted phenolic 
linkages. 

In view of the above results, it was concluded that the saponification 
procedure should be carried out in the absence of the detergent. The 
procedure was therefore as follows: To 1 ec. aliquots of virus solution were 
added 0.1 ce. portions of 0.2 N sodium hydroxide. The mixtures were 
allowed to stand at room temperature for the period of time which was 
found to be required for complete denaturation and saponification. A 
period of 2 minutes was usually sufficient for the normal virus; 20 minutes, 
for preparations of acetyl virus. Periods of 2 to 3 hours were allowed for 
samples ol phenylureido, carbobenzoxy, p-chlorobenzoyl, or benzene- 
sulfonyl derivatives. For reasons discussed in a separate communica- 
tion (5), anomalous results were to be expected for the phenylureido and 
benzenesulfonyl derivatives, even though complete denaturation was 
obtained. 0.2 ec. of 10 per cent sodium dodecyl! sulfate and 0.1 ec. of 0.2 N 
hydrochloric acid were then added to each sample. The mixtures were 
finally treated with the phenol reagent and phosphate buffer as described 
above for the pH 8 method. By this means satisfactory results were 
obtained in the pH 11 method. 

It was considered important to establish whether the detergent might 
exert some specific untoward influence in the phenol color reaction. As a 
test for this possibility, the comparative effects of urea and sodium dodecyl 
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sulfate on the chromogenic power of normal virus and of tyrosine towdi'ds 
the phenol.reagent were determined. For these measurements, the pH 11 
procedure was employed essentially as described above. A complete 
denaturation of the virus was thus assured by the treatment with alkali. 
In order to obtain the same final volumes in each set of experiments, 2 ce. 
of 1 per cent detergent were used in the sodium dodecyl sulfate procedure 
and 2 ec. of 50 per cent urea were used in the urea procedure. After the 
reagent and phosphate were added, clear solutions were obtained in all tests 
except that of the virus in the presence of urea, in which case the slight 
turbidity which was present was removed by centrifugation. The colors 
were measured after 80 minutes. The virus gave 25 per cent more color 
in the urea procedure than in the procedure employing sodium dodecyl 
sulfate. The corresponding figure in the studies with tyrosine was 22 per 
cent. There is no reason to believe, however, that the results obtained in 
measurements carried out with the detergent as the dispersing agent are 
any less valid because of this difference. 

Application of Modified Procedures to Virus Derivatives and Comparison 
with Results Obtained by Original Methods—In order to test the possibility 
that the apparent substitution of phenol groups by ketene and phenyl 
isocyanate reported earlier (2) may have represented artifacts which arose 
from an incomplete denaturation of the preparations of the derivatives 
under the conditions of the analytical methods employed at that time, 
determinations by the modified procedures indicated above were repeated 
on the original virus derivatives. A preparation of acetylated virus, which 
had appeared to have had 23 per cent of its phenol plus indole groups 
substituted (2), was found on check determination to be completely unsub- 
stituted in this regard. Determinations of amino nitrogen carried out at 
the same time revealed, however, that the substitution of the amino groups 
was unchanged. The recent observation of Tracy and Ross (6) that 
malonyl substituent groups bound to the phenolic hydroxyl groups of 
horse serum albumin are very labile and subject to spontaneous hydrolysis 
led us to suspect that an analogous hydrolysis of acetyl-phenolic linkages 
had occurred in the acetylated virus during the period of approximately 
7 months since the derivative was originally prepared. A fresh batch of 
acetylated virus was therefore prepared and was analyzed immediately 
for phenol plus indole groups by the modified analytical procedures. By 
the pH 8 method, the extent of substitution of these groups was found to be 
28 per cent. By the pH 11 method, the acetylated virus yielded 95 per 
cent of the color given by the normal virus. The results of these experi- 
ments thus established the reliability of the corresponding results obtained 
in the earlier work and in addition demonstrated that the acetyl-phenolic 
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linkages in preparations of acetylated virus may undergo a gradual spon- 
taneous hydrolysis. 

A sample of phenylureido virus in which the phenol plus indole groups 
had previously appeared to have been substituted to the extent of 43 per 
cent (2) was found by the modified pH 8 procedure to be substituted only 
17 per cent. When the analysis was repeated by the original procedure 
in which urea was employed, a high extent of substitution was again 
indicated, thus demonstrating that in the case of the phenylureido virus 
the lower result obtained by the modified procedure was due primarily to a 
more complete denaturation of the virus rather than to a spontaneous 
alteration in the virus which might have occurred during the period since 
it was first prepared. 

As in the phenylureido virus, determinations of phenol plus indole groups 
in carbobenzoxy, p-chlorobenzoyl, and benzenesulfonyl derivatives of the 
virus indicated much higher apparent degrees of substitution by the ure: 
procedure than by the modified procedure employing sodium dodecyl 
sulfate. For example, preparations in which the phenol plus indole groups 
appeared, by the urea method, to have been substituted to the extent of 
30 to 40 per cent were found by the modified procedure to have been 
substituted only 10 to 20 per cent. These results serve as further evidence 
for the importance of securing complete denaturation. 

A close analogy to the results which we have obtained with tobacco 
mosaic virus may be seen in studies of Herriott with pepsinogen (7). 
Herriott found that by the pH 8 method pepsinogen gave less color than 
did pepsin, whereas, by the pH 11 method, nearly the same color values 
were obtained with both proteins. These results were explained on the 
basis that only the pepsin was denatured at pH 8, whereas both pepsin 
and pepsinogen were denatured by the pH 11 treatment and therefore 
yielded their full complement of color under the conditions of the pH 11 
method. 

SUMMARY 

The chromogenic power of preparations of tobacco mosaic virus towards 
the phenol reagent was found to depend upon the completeness with which 
the virus was denatured. Furthermore, different preparations of the virus 
or of its artificially prepared derivatives were observed to exhibit different 
rates of denaturation. By means of the use of sodium dodecyl sulfate 
as the denaturing agent, conditions were worked out which assured a uni- 
form denaturation of the virus. The application of these findings to the 
measurement of phenol plus indole groups in derivatives of the virus was 
described and comparisons were made with the results obtained by the 


methods formerly employed. 
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Measurements of phenol groups in acetyl derivatives of tobacco mosaic 
virus by Herriott’s methods (1) have been found to be easily duplicated 
and apparently reliable (2, 3). The extension of the methods to certain 
other derivatives of the virus, however, led to unsatisfactory results, owing 
to the resistance of these derivatives to denaturation. It therefore became 
necessary to work out modified methods of analysis which would assure 
complete denaturation of each derivative (3). During the course of this 
work, it was observed that under the usual conditions of the pH 11 method 
2) the carbobenzoxy, p-chlorobenzoyl, and benzenesulfonyl derivatives of 
the virus exhibited a much less complete recovery of chromogenic power 
than that shown by the acetyl virus. The phenylureido virus, on the 
other hand, exhibited in the pH 11 method even more chromogenic power 
than that of the normal virus. In an effort to explain these apparently 
anomalous results, studies on the behavior of the differently substituted 
phenolic linkages under the conditions of Herriott’s methods were carried 
out by means of model experiments with the corresponding derivatives of 
free tyrosine. 

The rates of saponification of disubstituted tyrosine derivatives at pH 11 
were first determined. Complete hydrolysis of a given derivative was 
assumed to have been obtained when the chromogenic power reached a 
maximum and remained constant. The results are presented graphically 
in Fig. 1 from which it may be seen that the diphenylearbamidotyrosine, a 
derivative which corresponded to the phenylureido virus, was completely 
saponified within 30 seconds and the diacetyltyrosine, within about 10 
minutes. The dicarbobenzoxy and dibenzoyl derivatives, on the other 
hand, required nearly 30 minutes. In still greater contrast, the dibenzene- 
sulfonyl derivative was not measurably saponified even after 60 minutes. 
When heated at 100° at pH 11, the dibenzenesulfonyltyrosine required 
over 30 minutes for saponification, whereas the other derivatives of tyrosine 


were saponified within 1 minute. Abderhalden and Bahn reported that 
the benzenesulfonyl-phenolie linkage of dibenzenesulfonyltyrosine is very 
stable to alkali (4). It was apparent from the above results that the low 
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chromogenic power exhibited by the carbobenzoxy, p-chlorobenzoyl, and 
benzenesulfony! derivatives of tobacco mosaic virus when analyzed by the 
pH 11 method could have been due, in part at least, to the slow rate of 
saponification of the substituted phenolic linkages involved. 

More detailed studies were next carried out with phenylcarbamido 
derivatives of tyrosine. The diphenylearbamidotyrosine, after treatment 
at pH 11, was found to yield with the phenol reagent an amount of color 
which was about 16 per cent greater than that yielded by an equimolecular 
amount of tyrosine. The monophenylecarbamidotyrosine, on the other 
hand, yielded approximately 22 per cent less color than an equivalent 
amount of tyrosine. Since it was to be expected that aniline would be 
formed as a product of the saponification of the diphenylearbamidotyrosine, 
it appeared that this substance was responsible for the extra chromogenic 
power possessed by the disubstituted tyrosine. In colorimetric tests car- 
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ried out on aqueous solutions of doubly distilled aniline, the compound 
was found to give with the phenol reagent about 35 per cent of the color 
given by an equimolecular amount of tyrosine. It was apparent that this 
amount of color accounted for the difference in the chromogenic power of 
the monophenylearbamidotyrosine and that of the saponified diphenyl- 
carbamido derivative. It was therefore concluded that, by analogy, the 
extra color yielded by phenylureido derivatives of tobacco mosaic virus 
after treatment at pH 11 was also due to the presence of aniline which was 
formed during the saponification of the derivatives. 

The direct application of the results of the model experiments to the 
determination of phenol groups in derivatives of tobacco mosaic virus did 
not give rise to completely satisfactory results in all cases. This was due 
to the secondary effect of the slow rate of denaturation of certain prepara- 
tions of derivatives of the virus under the conditions of the pH 11 method 
(3). In the cases of the acetyl, carbobenzoxy, and p-chlorobenzoyl deriva- 
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tives of the virus, it was found, however, that a complete denaturation and 
saponification could be obtained if the pH 11 treatment was carried out 
at 100° for a period of 2 minutes. ‘This procedure appeared to be justified 
on the basis of the finding that under these more vigorous conditions 
samples of normal virus exhibited the same chromogenic power which they 
exhibited when denatured by acid or alkaline detergent at room tempera- 
ture. Determinations of the phenylureido virus or benzenesulfonyl virus 
by the pH 11 method were carried out by saponification at room tempera- 
ture for 2 or 3 hours (3). Because of the properties of the linkages involved, 
the appearance of an excess of chromogenic power in the phenylureido 
virus and a complete lack of recovery of chromogenic power in the benzene- 
sulfonyl virus served as corroborative evidence for the substitution of 
phenolic linkages within these particular derivatives. 


TABLE I 
Relative ¢ hromogent« Pow oJ Diffie rent Derivatives of T yrosine 

itll Relative chromogenic 

: — power (pH 11 method 
l'vrosine 100 
N-Glycyltyrosine SU 
N-Phenylearbamidotyrosine 78 
O, N-Diacetyltyrosine 78 
O,.N-Dibenzoyltvrosine. SO 
0,N-Dicarbobenzoxytyrosine. 75 
N-Carbobenzoxytyrosine 78* 
N-Chloroacetyltyrosine 83* 
87* 


N-Carbobenzoxytyrosylglycine 


’ Data ol Tr rev and Ross oO). 


It was observed in the course of the experiments with the derivatives of 
tyrosine that the chromogenic values given by the various derivatives in 
the pH 11 method did not coincide with that given by free tyrosine. 
Because of the stability of the linkage between the various substituent 
radicals and the amino group of the tyrosine, the chromogenic power of 
the saponified disubstituted derivatives was due in general to the mono- 
substituted derivatives which were formed. In Table I, the relative 
chromogenic powers of the different tyrosine derivatives, together with 
that of a sample of glycyltyrosine, are compared with the chromogenic 
power of free tyrosine. Similar data obtained by Tracy and Ross (5) for 
a number of other derivatives of tyrosine also are included in Table I. 
Without exception, the derivatives developed less color with the Folin 
reagent than did equivalent amounts of tyrosine. Tracy and Ross con- 
cluded that, in general, substitution diminishes the color developed by 
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tyrosine with the phenol reagent. Our present data serve as additional 
evidence for this generalization. It was of particular significance in this 
connection that tyrosine appears to possess a diminished chromogenie 
power when linked within the intact protein molecule. For example, it 
was found by Herriott that intact proteins when treated with the Folin 
reagent vielded on the average only 59 per cent of the color to be expected 
from their known content of tyrosine and tryptophane (1). Other investi- 
gators have obtaine d similar results (2. 5 7). In view of the data obtained 
with tyrosine derivatives of known structure, it might well be anticipated 
that the units of tyrosine which occur within protein molecules would 


exhibit a diminished reaction with the Folin reagent. 


EXPERIMENTAL 


Preparation of O ,N-Diphenylcarbamidotyrosine—5 gm. of tyrosine dis- 
solved in a mixture of 100 cc. of 2 per cent sodium hydroxide and 100 ee. 
of 1 m dipotassium phosphate were treated with continuous stirring at 0 
with 8 ce. of phenyl isocyanate added in 2 ce. portions at 10 minute 
intervals 12 ec. of 10 per cent sodium hydroxide were added gradually 
during the reaction to maintain the pH at 8 to 9. Diphenylurea was 
extracted with ether and the aqueous laver was acidified with hydrochloric 
acid. The precipitate which formed was filtered and dried. The vield, 
15.8 gm., was practically quantitative. When crystallized from hot 95 
per cent ethyl alcohol, the compound separated as spear-shaped plates, 


which, after a second recrystallization, melted at 205-206° with efferves- 


cence Neutralization equivalent, 421; calculated for diphenylearbamido- 
tyrosine, 419. C 65.6, H 5.0, N 10.0 per cent; theory, C 65.9, H_ 5.0, 
N 10.0 per cent The high sensitivity of the phenylearbamido-phenolie 


linkage to alkali probably accounted for the failure of Gaunt and Wormall 
to obtain this compound under the conditions they employed 5 

Prepa atioi of V-Phenylcarbam doltyrosinm 5 gm. of tvrosin dissolved 
in 200 cc. of 1 per cent sodium hydroxide were treated with continuous 
stirring at 0° with 4 ec. of phenyl isocyanate added in 0.5 ee. portions at 
5 minute intervals. 4 ec. of 10 per cent sodium hydroxide were added 
during the reaction to maintain the solution strongly alkaline to phenol- 


phthalein Che mixture was washed with ether, filtered, and acidified 


with hydrochloric wid. he product separated as an oil which ery stal- 
lized as long, flat needles on cooling and stirring. The yield was 7.4 gm. 
89 per cent of the theory). After repeated recrystallization from dilute 


alcohol, the compound softened at 104° and melted with effervescence at 
106-110°. Beilstein (9) has given a melting point of 104° for N-phenyl- 
carbamidotyrosine. Neutralization equivalent, 298; calculated for 
N-phenylearbamidotyrosine, 300. 

Preparation of Diacetyl, Dicarbobenzoxy, Dibenzoyl, and Dibenzenesulfonyl 
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Derivatives of Tyrosine—A sample of diacetyltyrosine, prepared by treat- 
ing tyrosine with ketene (10), was obtained through the courtesy of Dr. R. 
M. Herriott. The dicarbobenzoxy, dibenzoyl, and dibenzenesulfonyl 
derivatives of tyrosine were prepared by procedures described elsewhere 
(4, 11-14). 

Measurements of Rates of Saponification of Tyrosine Derivatives—For 
solutions of the diacetyl, dibenzoyl, and dibenzenesulfonyl derivatives, 
weighed samples were dissolved in small volumes of acetone, neutralized 
with the calculated amounts of 0.05 n sodium hydroxide, and diluted with 
water to the desired final volumes. For the solution of the diphenyl- 
carbamido derivative, the weighed sample was suspended in a little dilute 
acetone and was dissolved by the addition of the minimum required amount 
of 0.05 m disodium phosphate. For the preparation of the solution of 
dicarbobenzoxytyrosine, a much larger amount of acetone was required 
inorder to keep the neutralized derivative insolution. The acetone did not 
interfere with the color tests. Each of the solutions was made up to 
contain an amount of derivative approximately equivalent to 0.1 mg. of 
tyrosine per cc 

To 1 ce. aliquots of each solution was added 0.1 ec. of 0.2 N sodium 
hydroxide. The mixtures were allowed to stand at 25° or at 100° for the 
desired period of time and were then neutralized with 0.1 ce. of 0.2 N 
hydrochloric acid. 0.2 ec. of 10 per cent sodium dodecyl sulfate and 0.6 ce. 
of water were added, followed by 1 ec. of Folin reagent and 2 cc. of alkaline 
phosphate buffe1 The alkaline buffer and Folin reagent were prepared 
as described in a previous paper (3). The colors were measured in the 
Klett-Summerson colorimeter at the end of 15 minutes. 

The use of sodium dodecyl sulfate (3) in the place of urea formerly 


employed (2) has no special significance as far as the above experiments 


are concerned. It was of interest to observe, however, that the detergent 
possessed a remarkable dispersing power for the tyrosine derivatives 
which were relatively insoluble in water. 


SUMMARY 


Carbobenzoxy, p-chlorobenzoyl, and benzenesulfonyl derivatives of 
tobacco mosaic virus were found to give a less complete recovery of chro- 
mogenic power under the usual conditions of the pH 11 method of Herriott 
than did the acetyl derivative of the virus. By means of model experi- 
ments with the corresponding derivatives of tyrosine, it was demonstrated 
that the different substituent radicals on the phenolic group varied con- 
siderably in their rates of saponification. The application of the findings 
to the measurement of phenolic groups in derivatives of tobacco mosaic 
virus was discussed. 

The phenylureido derivative of tobacco mosaic virus was found to yield 
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more color in the pH 11 method than did normal virus. By means of 
studies on the chromogenic power of pure aniline and on the behavior of 
N-phenylearbamido and O,N-diphenylearbamido derivatives of tyrosine, 
this result was demonstrated to be due to the formation of aniline during 
the treatment at pH 11. 

Monosubstituted tyrosine derivatives were found to yield with the 
phenol color reagent less color than did free tyrosine. An analogy was 
pointed out between this property of known derivatives of tyrosine and 
the similar low chromogenic power of tyrosine when present in protein 





linkage. 
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INACTIVATION OF BIOTIN BY RANCID FATS* 
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In studies involving the feeding of diets containing cod liver oil and butter 
fat to rats, some of the animals developed typical symptoms of mild biotin 
deficiency, 7.e. spectacle eye and spasticity of gait, after being maintained on 
the diet 12 to 16 weeks. It was soon evident that such a ration containing 
cod liver oil and butter fat was very prone to turn rancid and that this 
rancidity was responsible for rapid losses of vitamin A. This loss of vita- 
min A has been previously noted by other workers (1, 2) but the practice of 
incorporating cod liver oil in diets is still prevalent in many laboratories. 
Destruction of other vitamins in rations containing fish liver oils has been 
demonstrated by Fritz et al. (3) in the case of vitamin D and by Macomber 
(4) and Cummings and Mattill (5) for vitamin E. In this paper the de- 
struction in vitro of one of the B vitamins, biotin, by rancid diets and fats 


of a high peroxide number will be reported. 


EXPERIMENTAL 

The general procedure employed in studying the inactivation of biotin by 
various agents was as follows: The material to be studied was emulsified in 
2 per cent gum ghatti solution, a few drops of toluene and the biotin solu- 
tion added (total volume, 10 ce.), and the mixture placed in a glass-stop- 
pered, 50 ec., round bottom flask in a mechanical shaker while being 
incubated. Incubation of a few preliminary runs was made at room tem- 
perature but, since incubation at 37° gave more rapid inactivation and in 
addition represented more nearly the intestinal temperature of the rat, 
most of the experiments were conducted at the higher temperature. After 
incubation the entire contents of the flask were diluted to a suitable volume 
and the amount of biotin determined by the microbiological method with 
Lactobacillus casei of Shull, Hutchings, and Peterson (6). 

The biotin employed in most of the experiments was a biotin concentrate 
(S. M. A. No. 5000), although several experiments were made with the pure 
crystalline biotin free acid (S. M. A.). 

Experiments with Rancid Rations—The ration consisting of 73 per cent 
sucrose, 18 per cent Labco casein, 4 per cent Salts 4 (7), 3 per cent filtered 


* Published with the approval of the Director of the Wisconsin Agricultural 
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butter fat. and 2 pel cent cod liver oil Was allows d to turn rancid by being 


kept standing at room temperature for 1 week. The degree of rancidity 


was followed by determination of the peroxid » number of the fat extracted 


from the diet with purified ethyl ether. The fat from freshly made ration 


7 (which was due to the slight rancidity 


possessed a peroxide number o 
present in the cod liver oil), while fat from the rancidified diet rave a value 
of 49. If 10 gm. of the rancid ration were incubated with the biotin, defi- 
nite destruction of this factor could be noted. Incubation at room temper- 
ature for 24 hours resulted in 20 per cent of the biotin being destroyed 
(inactivated). That the active prin ‘iple responsibl for the inactivation 
resided in the fat was demonstrated by noting no inactivation when the 


ether-extracted ration was used. The ether extract of the ration was then 


concentrated and the fat emulsified and incubated with biotin. In this 
ease, biotin inactivation equal to that shown by the original rancid ration 
was observed. As mentioned previously the peroxide number of the rancid 
fat was 49 and, since it is impractical to increase this value much further, 


200 was used to study 


‘ 


aerated corn oil (Mazola) of a peroxide number of 
the effects of increased rancidity on the inactivation of biotin. Crystalline 
biotin in lower concentration was used in this latter « <perime nt; so the 
ious trials in which higher 


results cannot be compare d directly with the pre' 
biotin concentrations were used, but in general it has been observed that 
the higher the peroxide number of the fat, the more rapid is the destruction 
of biotin under these experim« ntal conditions. Table I, Experiments 1 to 
8, summarizes the above results. 

Expe riments with Aerated Ethyl Linolate lo obtain a fat of a higher de- 
gree of purity than the butter fat-cod liver oil combination or the aerated 
corn oil, distilled samples of ethyl linolate' were aerated at 37° for 48 hours 


or until the peroxide number reached 500 or higher. Experiments 9 to 11, 
Table I, give the results obtained when aerated ethy | linolate of a peroxide 
number of 575 was used as the biotin-inactivating agent. It can be seen 
that the inactivation was more nearly complete and occurred more rapidly 
than was noted with the fats of a lower peroxide number 

Effect of a-Tocopherol on Biotin Inactivation—The stabilizing effects of 
antioxidants, especially of vitamin E, on carotene have been reported by 
Quackenbush, Cox, and Steenbock (8). With the ration described above 
it has been shown? that small amounts of a-tocopherol stabilized vitamin 
A. In view of these experiments it was of interest to see whether this com- 
pound exerted any similar stabilization of biotin in the presence of rancid fat. 
In this series of experiments pure biotin (free acid) was used. The 


a-tocopherol (20 mg. per 500 mg. of fat) was added to the rancidified ethyl 


! Prepared from corn oil by Mr. Raymond Thompson 
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linolate and allowed to stand at room temperature for 8 hours before the 
addition of the biotin and incubation. (The ethyl linolate without vitamin 
E added was likewise allowed to stand 8 hours before addition of the bio- 
tin.) It had been noted by preliminary trial that if the tocopherol were 
added directly to the ethyl linolate-biotin emulsion it had very little effect 
on biotin stabilization, owing probably to poor contact with the ethyl 
linolate. Samples were withdrawn at 0, 12, 24, and 48 hour intervals and 
the amount of biotin remaining was determined. The results are presented 
in Fig. 1. It can be seen that the destruction of biotin is greatly reduced 
by the presence of the a-tocopherol, 60 per cent of the amount originally 


TABLE | 
Inactivation of Biotin by Various Agents 
Incubation 
Per — Biotin Biotin Per cent 
é "i . added found inact 
Time lem vation 
perature 
‘ micro- micro 
, C. micrograms | micrograms 
vu g ( l l 24 25 3958 3170 20 
Z ) ethe ext ter 24 25 3958 3958 0 
1 oO! 
AM) 3 ne I 2 14 24 25 3120 2780 1] 
S00 19 24 37 3355 2425 27.5 
> 500 19 72 7 3355 2025 39.5 
SO) 19 168 7 3355 712 79 
7. 500 mune 168 37 3355 $220 t 
. = rancid corn ol 200 1s 37 100 13 SY 
») 0.1 ee. ethvl linolate 575 24 37 3355 650 20 
0.5 * 6 575 24 37 3355 632 81 
0.5 ‘ 575 18 37 3355 39 99 


Without the added tocoph- 


rol 96 per cent of the biotin was inactivated within the first 12 hours. 


t remaining after a 48 hour incubation. 


presen 
Vature of Inactivated Product—Since fats of a high peroxide number seem 
to be responsible for the inactivation of biotin, the reaction is probably one 


a 
of oxida 


tion. Nielsen et al. (9) have shown that hydrogen peroxide-treated 
biotin although demonstrating no activity when measured by the Lacto- 
bacillus casei method still possessed 50 to 90 per cent potency when assayed 


by the veast growth method (10). Thus it is important to know whether 


biotin which had been inactivated by the action of rancid fat also gave a 


Samples of the series 


Instead of 99 per 


response when measured by this latter method. 


vithout tocopherol (Fig. 1) were assayed by this means.’ 


Lhe Say vere performed by Miss Josephine Gardner 
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cent destruction of the biotin after 24 and 48 hours only 44 per cent de- 
struction was indicated when these same samples were assayed by the 
yeast growth method. The interpretation that can be placed on these 
results is that the mechanism of biotin inactivation in the ease of rancid fats 
is probably similar to that reported for weak solutions of hydrogen perox- 
ide; z.e., a partial oxidation of the sulfur moiety of the biotin molecule to a 
sulfoxide which can probably be reduced to biotin free acid by veast but 
not by Lactobacillus casei 
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DISCUSSION 


From the above experiments it would appear that biotin in the form of 
concentrates or the pure free acid can be inactivated by rancidified fats. 
The mechanism of this reaction seems to be one of partial oxidation of 
biotin, in which form biotin is not detected by the Lactobacillus casei assay 
but does give a response by the yeast growth method. Although the inacti- 
vated product has ndt been isolated, it is highly probable that treatment of 
biotin with rancid fats or with dilute (0.3 per cent) hydrogen peroxide re- 
sults in the same end-product 

No quantitative relationship with the high peroxide number of the fat has 
been attempted but in general the results indicate that the higher the 
peroxide number the greater is the inactivation observed. Such factors 
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as the presence of antioxidants will, no doubt, as in the case of carotene 
inactivation (8), alter the picture considerably. 

The relationship of these findings to the production of biotin deficiency 
in animals is now being investigated and will be reported later. 


SUMMARY 


The inactivation in vitro of biotin by a rancidified ration and by fats and 
ethyl linolate of a high peroxide number has been studied. 96 per cent in- 
activation of pure biotin could be accomplished in 12 hours by means of 
ethyl linolate of a high peroxide number. In the presence of a-tocopherol 
this inactivation amounted to only 40 per cent after 48 hours incubation. 
The inactivated product still showed 56 per cent activity when measured 
by the yeast growth method, indicating a similarity between the product 
formed from biotin by the action of rancid fat and by dilute hydrogen 


peroxide. 
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When fed to rats, dogs, or man, nicotinic acid and nicotinamide are 
excreted largely as trigonelline (1-3). No information has been available 
oncerning the source of the necessary methyl group or the site of the 


methylation. Several attempts in these laboratories to demonstrate tri- 
gonelline synthesis zn vitro with surviving liver, kidney, and muscle slices 
have failed to yield convincing, positive results. In the present study it 
has been found that the ingestion of relatively large amounts of nicotina- 
nide inhibits the growth of young rats and that this effect can be pre- 


ented by the administration of methionine 


EXPERIMENTAL 


{ddati0? of Vicotinamide to an Arachin Basal Diet—The basal diet for 
his experiment consisted of arachin 15, rice starch 30, sucrose 35, cotton- 
seed oil 15, and salts (4) 5 parts. All rats received a daily supplement of 
2) y of thiamine chloride, 20 y of pyridoxine, 40 y of riboflavin, 240 y of 
ilecium pantothenate, 10 y of 3-methyl-1,4-naphthoquinone diacetate, and 


2 drops daily of an equal mixture of wheat germ and cod liver oils. The 


ra hin was pl ‘pared from peanut meal by the procedure ot Johns and 
lones (5 Four groups of six male rats each, all weighing between 48 and 
\4 gm. were en ployed Group \ received the basal diet alone; Group B 


received, in addition, 0.3 per cent of dl-methionine; Groups C and D were 
ven 0.3 per cent of di-methionine! plus 1.0 per cent of nicotinamide.! 
The rats were allowed to eat ad libitum. \fter 24 davs another 0.6 per cent 
f di-methionine was added to the ration of Group C, while 0.3 per cent of 
holine chloride! and 0.1 per cent of NaHCO, were added to the diet of 
Group D 


The results of this experiment are shown in Fig. 1. The basal diet 


supported very slow growth, 0.25 gm. per rat per day, while inclusion of 
methionine in the diet of Group B increased this rate to 1.0 gm. per rat per 
day. The presence of nicotinamide in the diet of Group C limited growth 


to but 0.4 gm. per rat per day. When more methionine was added to the 

diet. of Group ©, growth proceeded at the rate of 1.5 gm. per rat per day 

for the next 16 day period. The presence of choline in the diet of Group 
Mer nd Compa Inc., Rahway, New Jersey. 
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D appeared to have only a very slight growth-stimulating action. When 
the rats were sacrificed, only the animals on the basal ration (Group A) 
appeared to have grossly fatty livers. 

Addition of Nicotinamide to Low Case in Diet—The basal ration used in 
the next group of experiments contained casein 10, cottonseed oil 10, su- 
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Fig. 1. The effect of nicotinamide on the growth of rats receiving an arachin basal 
diet. Each curve is a composite of the growth of six rats. The supplements to the 
basal ration were as follows: Curve A none, Curve B 0.3 per cent of methionine, 
Curves C and D 0.3 per cent of methionine and 1.0 per cent of nicotinamide. At the 
arrows another 0.6 per cent of methionine was added to the ration of Group C (Curve 
() and 0.3 per cent of choline to that of Group D (Curve D 

Fic. 2. The effect of nicotin imide on the growth of rats Keach curve 1s a com 
posite of the growth of twelve or eighteen rats rhe supplements to the 10 per cent 
casein basal diet were as follows: Curve 1 none, Curve 2 choline, Curve 3 methionine, 
Curve 4 homocystine, Curve 5 nicotinie acid, Curve 6 nicotinie acid and choline, 
Curve 7 nicotinamide, Curve 8 nicotinamide, choline, and homocystine, Curve 9 nico- 
| 


tinamide and methionine, Curve 10 nicotinamide and choline, Curve 11 nicotin- 


amide and homocystine 

crose 73, and salts (4) 7 parts. The vitamin supplement was identical with 
that described above. All rats were of the Vanderbilt strain (6) and 
weighed between 48 and 52 gm. at the start of the experiment. Because 
of the large number of groups involved, it was impossible to use one member 
of each litter in each group in the usual fashion, but in no case were two 
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rats from the same litter included in the same dietary group. Each group 
consisted of six rats and the entire experiment was performed three times. 
The growth curves shown in Fig. 2 are all composites of the total number 
of rats used on each experimental diet as are also the mean figures reported 


in Table I. 


None 
il-Methionine 
Choline chloride 
il-Homocystinef 
Nicotinic acid 
Choline chloride 
Nicotinic acid 
Betaine chloride 
Nicotinamide 


il-Methionine 
Nicotinamide 
Choline chloride 
Nicotinamide 

uM Homocy stineT 
Nicotinamide 
Choline chloride 
il-Homocystine 
Nicotinamide 
Betaine chloride 
Nicotinamide 
Cystine 
rrigonelline sulfate 


per cent 


l 


6 


0) 


TABLE [I 


Vicotinamide on Rat Growth 


weight 


So 
Qg 
86 
SO 
8] 


83 


S4 


Liv 
weight 


er 


Liver 


Every addition to the basal ration was accompanied by a 


fatty —— Weight gains* 
per cent on dus gm. per day 
17.2 6 .6 1.10 

4.5 7.6 1.63 

4.2 al 1.20 

25.0 7.4 1.17 

24.1 7.3 1.03 

1.9 7.2 1.10 

4.1 ¥o2 1.10 

8.5 1.2 0.13 (0.40) 
5.0 6.7 1.20 

5.1 1.3 0.25 (0.48) 
13.4 1.0 0.07 (0.24) 

£.5 6.5 1.13 

D.2 1.1] 0.18 (0.32) 
14.1 .3 0.0 (0.19) 
24.2 1.3 1.07 


* Figures in parentheses represent the growth rate 


rather than during the entire experimental period. 


tS. M. A. Corporation, Chagrin Falls, Ohio. 


corresponding decrease in the sucrose component. 


after the 


initial weight loss, 


The additions to the 


basal diet and other pertinent data are summarized in Table I. The 


composite growth curves for the more important groups of rats are shown in 
| Fig. 2. Each experiment has been duplicated with the same number of 
female rats, but for economy of space the results are not included since 


qualitatively the two series were, in all respects, identical. 
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While nicotinic acid had no effect on the growth of these rats, nicotina- 
mide fed at the same level strongly inhibited growth. However, the nico- 
tinic acid did seem to increase the fat content of the livers even beyond 
the already high level produced by the low casein basal diet The addi- 
tion of either choline or betaine to a nicotinic acid-containing diet com- 
plete ly pre’ ented the formation of fatty livers and had a faint accelerating 
action on growth. ‘The livers of the rats that had been given nicotinamide 
contained about half as much fat as that seen in the livers of the basal 
controls. The rats fed methionine with the nicotinamide grew at a rate 
slightly greater than that of the basal control rats and their livers contained 
normal amounts of fat. Both cy stine and homocy stine were unable to 
restore growth in the presence of nicotinamide and appeared to re sult In 
fattier livers than did the nicotinamide alone. While choline and betaine 
had little, if any, growth-stimulating action in the presence of nicotina- 
mide, both of these substances completely prevented the formation of fatty 
livers. On the other hand, when choline and homocystine were fed to- 
gvether with nicotinamide, growth proceeded at the normal rate and no 
fatty liver formation was observed in these rats. ‘The ingestion of tri- 
gonelline had no effect on growth although it did seem to increase the liver 
fat content of the male rats. 

Since methionine was found to counteract the growth inhibition which 
resulted from the feeding of nicotinamide and since ingested nicotinamide 
is known to be excreted in part as the methyl betaine, trigonelline, it was 
thought worth while to investigate the trigonelline excretion of rats under 


1 


several of the dietary conditions already described. For this purpose 


three rats from each group were placed in metabolism cages after 14 days 
on their experimental diets and urine was collected under toluene for a3 
day period The pooled urine samples were then analvz ad tol total 
nicotinic acid and trigon lline 7 ‘ kon the s¢ analvs swe are indebted 


to Mr. Jesse Huff, Dr. H. P. Sarett, and Dr. W. A. Perlzweig. The 
results are summarized in Table II 

The very poor urinary recovery of the ingested nicotinic acid and nico- 
tinamide would appear to invalidate any positive conclusions from thesé 
data. These low recoveries are in agreement with the findings of Huff 


and Perlzweig who have found that as much as 40 per cent of administered 


trigonelline cannot be recovered in the urine of rats (1 No evidence has 
been advanced to elucidate the fate of the unrecovered nicotinic acid or 
nicotinamide. Ne verthele ss, [rom the data in Table Il it is ob) LOuUS that 
the rats did synthesize much more trigonelline when giver yr dietary 
methionine. Further, it does seem that the rat can synthesize trigonelline 
more readily from nicotinamide than from the free acid, as indicated by 


comparison of the trigonelline to nicotinic acid ratio in each case \Lore 


di 
de 


ol 
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over, while the rats receiving nicotinamide ate less than half as much as the 
rats receiving nicotinic acid, these groups excreted equal quantities of 
trigonelline. These differences may well account for the difference in the 
behavior of nicotinic acid and nicotinamide in their effects on growth. 
That nicotinic acid does not inhibit the growth of young rats has been 
reported by Unna (9). Since the difference between the acid and the amide 
may be quantitative rather than qualitative, several feeding trials were 
conducted with 2 per cent of nicotinic acid in a 10 per cent casein 


nT? | 


At this concen ration, 


‘otinie acid appeared to have a small but 


To test the possibility of strain differences, the growth of two strains 
f Wistar rats fed both nicotinie acid and nicotinamide as 1 per cent sup- 
ase II 


Exe ) Tone ( 1 A iH {aro hle Nicolini lc ad De rival ves by Rats on 
D ( } La g i) rlitre ‘ \ CO Lic Ac d or V colin imide 


\ rt é f one rat for 1 day 
Recovery 
. = of 
Nico rine - ‘ 
, Met * N tin Ur . Urine Trizo ingested 
° tink nico £ : 
Die i I se amide M3 trigo nelline nicotinic 
: . intake pare nelline one acid or 
. —— nicotin 
amide 
» . 
” me me. me. er cen" per cent 
f total 
None 6.2 15 0 0 0.024 0.095 80.0 
Nicotine 1d 8.7 yA S7 0 37.0 3.1 7.7 16.1 
é 7.9 79 0 23.2 2.4 9.3 32.4 
Ni s 0 2 8.9 2.0 21.3 30.8 
7 4 62 0 74 OLS 7.1 10.0 24.2 
u) 5 12 5.2 20 Ss 22 Ss 


nlements to a 10 per cent casein diet was studied. Both strains behaved 
In the manne escribed for the Vanderbilt rats. 


The basal diet used in the preceding experiments always resulted in the 


produc tion ot tatt ivers unle Ss supplemented with choline or methionine. 
To observe better the effect of nicotinic acid and nicotinamide in producing 


La iiVers, CTal 21 


tt roups of six male rats each were put on a 20 per cent 
casein diet tor 14 days. Pooled urine samples were collected under toluene 
during the last 2 days of the experimental period. The basal diet consisted 


of casein 20. cottonseed oil 10, rice starch 30, sucrose 33, and salts (4) 7 
pa 
scribed. The results are summarized in Tables III and IV. 


i 


rts. The vitamin supplement was identical with that previously de- 


Nicotinic acid exerted no inhibitory effect on growth under these con- 
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ditions, but the livers of the rats in this group were decidedly fatty, al- 





though the diet contained only a moderate amount of fat. The ingestion 
of nicotinamide induced a sharp weight loss but had no effect on the fat ) 
content of the livers of these animals. This is in agreement with the fact, 
— : : , l 
observed by us under other conditions, that fatty livers cannot be induced 
: 
- I 
rasie III 
Effect of iddition ol \ icolinamide and Nicotinic ic dtoaz Pe Cent Casein Diet i 
| t 
eae Initial Weight Foo _ | Liver fatty | } 
Dietary supy eat weight change take Lives acids — | h 
| i 
None 27 3.4 13.2 8.53 1.2 ls 
ar = im 
2% nicotinic acid 119 3.4 13.1 7.90 11.8 
2% nicotinamide 120 1.8 7.6 1.73 1.8 | - 
2% nicotinic acid + 0.4% choline r 
chloride 121 3.0 12.3 7.37 id 
2% nicotinamide + 0.4% choline 
chloride 119 1.7 6.4 1.53 3.7 
0.5% trigonelline (male) 112 1.2 14.4 7.47 8.5 
0.5% ee (female) 132 2.0 12.0 6.25 1.0 
TABLE IV 
Urinary Excre tion of \ icotinic Acid and Tr gone ll re 
All values are expressed in terms of one rat for 1 day 
Dietary supplement J Z Nico rig Recovery 
intake acid i 
gm. per még m pe , per cent 
None 13.7 0.025 0.090 78 
2% nicotinic acid 15.5 244 8.7 4 8] 
2% nicotinamide S.3 LOS 7.8 6.7 70 - 
2% nicotinic acid + 0.4% choline b 
chloride 14.0 183 7.7 +.) 68 al 
2% nicotinamide + 0.4% choline n 
chloride 7.5 102 11.0 9.7 75 os 
0.5% trigonelline (male) 16.0 1.8 18.3 6.4 56 ; 
0.5% st female 12.1 1.8 57.2 97.0 86 la 
al 
ni 
by dietary means in animals that are losing weight, are in negative nitrogen m 
balance, and are ingesting insufficient food, especially if the diet contains re 
no more than 10 per cent of fat. ag 
Although choline had no effect on the growth of rats ingesting nicotina- 
mide, it completely prevented the formation of fatty livers in the presence | ta 


of nicotinic acid. m 





al- 
on 
fat 
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In agreement with the findings in Table I trigonelline appeared to in- 
crease the liver fat of male rats but had no effect upon the female rats. 
Although no explanation is available to account for this effect of trigonelline 
upon liver fat, the sex difference parallels the findings that male rats are 
more susceptible to choline deficiency (10) and that nicotinic acid can in- 
hibit the growth of certain male rats but not their female litter mates 
(11). A large amount of the fed trigonelline could not be recovered in 
the urine. The appearance in the urine of considerable quantities of acid- 
hydrolyzable nicotinic acid derivatives after administration of trigonelline 
indicates that rats have some capacity for demethylating trigonelline. 
However, the appearance of fatty livers in these experiments and the inabil- 
ity of trigonelline to methylate homocystine (12) indicate that the methyl 
group of trigonelline is not available to the rat for transmethylation 


reactions. 


TABLE V 


Effect of Various Levels of Nicotinamide Ingestion on Rat Growth 


“ " 2 emery Initial weight Final weight . anaes oe Food intake _ Liver fatty acids 

per cent gm gm gm. per day gm. per day per cent 
0) 114 198 3.25 14.2 4.3 
0) 113 190 3.05 13.7 4.5 
0.25 115 186 2.75 12.7 8.7 
0.5 112 169 2.15 12.1 15.8 
() 119 153 1.30 9.9 9.5 
2 () 120 102 -0.7 7.6 5.0 


Table V summarizes the effects of feeding nicotinamide at various levels 
as a supplement to the 20 per cent casein diet described above. This 
basal diet contained no choline. Six male rats were used in each group 
and the experiment was continued for 28 days. With increasing levels of 
nicotinamide the growth rate progressively decreased. At the 0.5 per 
cent level rat growth was seriously retarded and the livers were extremely 
fatty \t the 1.0 per cent level, nicotinamide strongly inhibited growth 
and the livers were but moderately fatty. The presence of 2.0 per cent 
nicotinamide produced an actual loss in weight over the entire experi- 
mental period and the livers of these rats appeared to be quite normal with 
respect to their fat content, albeit not quite large enough for rats of their 
age and weight in this colony. 

This experiment again demonstrates that fatty livers can only be ob- 
tained in choline deficiency when all other dietary factors are close to opti- 


mal for normal growth. This finding suggests that the presence of fatty 
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livers in rats fed insufficient choline but adequate thiamine (13), riboflavin 
(14), and pantothenic acid (15) should not necessar ly he regarded as posi- 
tive effects due to the presence ol these specific factors. Rather, the failure 
of fatty livers to appear in the absence of these essential substances may 
be only particular instances of the same growth failure phenomenon. 

It seemed possible that while fatty livers were not apparent after 14 days 
of losing weight on the 2 per cent nicotinamide diet, they might have been 
present during the first few days on the diet and that the fat later slowly 
disappeared. ‘To test this possibility another group of twenty-four male 
rats was fed the 2 per cent nicotinamide, 20 per cent casein diet ad libitum 
and three of the rats were sacrificed every day for 8 days Che livers of 
all of these rats contained only the normal amount of fat 

Effect of Nicotinamide on Liver Choline—A preliminary statement has 
been made by du Vigneaud et al. (16) that the ingestion of glycocyamine 
inhibited the growth of rats and that this inhibition could be alleviated by 
the further addition of methionine or choline to the diets of the rats. While 
no experimental data were re ported, the effect of choline in this instance 
stands in contradistinction to the effect of choline in nicotinamide-con- 
taining diets, if it be assumed that both inhibitions are due to deprivation 
of the methyl group. It has also been reported (17) that the addition of 
glycocyamine to an otherwise adequate diet produces fatty livers and 
simultaneously reduces the liver choline to values considerably below those 
obtained on a low protein, no choline diet. It, therefore, seemed desirable 
to ascertain the effects of nicotinamide on liver choline. For this purpose 
a preliminary experiment was performed in which three groups of five male 
rats each, weighing about 80 gm., were fed a 15 per cent casein, 35 per cent 
lard basal diet which was identical with that used by Stetten and Grail 
(17), except that the usual synthetic vitamin supplement was employed 
instead of yeast. A summary of this experiment is presented in Table VI 
which also contains some of the results of Stetten and Grail for comparison. 

Liver choline was determined by the method of Jax obi, Baumann, and 
Meek (18). Glycocyamine, fed at such a level as to permit unimpaired 
growth, reduced liver choline to but 2 per cent of its normal value. In 
contrast, nicotinamide fed at a concentration sufficient to produce a more 
than 50 per cent inhibition of growth produced a mildly fatty liver but had 
no significant influence on choline concentration in the liver. It was felt, 
however, that these results could be better evaluated if there were also 
available the results of feeding nicotinamide and choline at several concen- 
trations. Table VII summarizes such an experiment. Each group con- 
sisted of five male rats weighing between 50 and 60 gm. at the start of the 
experiment. The data are all expressed as the mean values for each group. 
The basal diet was identical with that used in the preliminary experiment 


above. 
of the method of Jacobi, Baumann, and Meek (18) in which methanol was 
used in place of the alecohol-ether mixture for the initial fat extraction and 


Dietary choline 


mm der ke 


0.07 
0.00 
0.07 


0.07 
0.00 
0.07 


Effect of Feeding Various C 


Group Dietary 


No choline 
per cent 
of totas 

l 0.0 
2 0.0 
3 0.0 
{ 0.0 

5 0.0 

6 0.07 

7 0.07 

8 0.07 

9 0.07 

10 0.07 

ll 0.25 

12 0.25 

13 0.25 

14 0.25 

15 0.25 
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nicotinamide 


mM per kg 


0.0 
0.0 
30.0 


0.0 
0.0 
0.0 
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nicotin 
amide 


per cent 
of total 
0.0 
0.25 
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glycocyamine 


mM perkg 


0.0 
0.0 
0.0 


Stetten 


0.0 
0.0 
8.3 


Initial 
weight 


AND W. 


TABLE VI 


Effect of Nicotinamide on Liver Choline 


We 


sight 


change 


gm. per day 


TaBLe VII 


mm DO bo 


sS 


) 


9 


J. DANN 


and Grail 


or bo 


Liver weight Liver fat 
per cent of per cent of 
body weight wet weight 

4.2 4.9 
5.8 20.3 
4.9 10.3 
5.6 4.0 
7.2 10.3 
6.1 16.7 
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The values for liver choline were determined by a modification 


Choline N 


mg. per gm. 
liver 


0.240 
0.140 
0.231 


0.246 


0.108 


oncentrations of Choline and Nicotinamide 


Final 
weight 


gm. 
79 
69 
69 
59 
53 
77 
76 
69 
67 
59 
74 
71 

71 

61 


56 


Weight 
change 


gm. per 
d 


ay 
2 

¥ 
- 
0 


—(). 
9 


— bd Cr bo = 


bo 


— — BD t 


>cOoONOe 


0 
2. 
l 
he 


0.8 
0.1 


_ Food Liver 
ingested | weight 





“- gm. 
9.2 4.65 
7.5 4.06 
6.8 4.20 
6.3 2.85 
5.1 2.61 
9.0 3.70 
8.2 $.00 
6.9 3.52 
6.9 2.98 
5.1 2.74 
9.1 3.82 
8.2 3.34 
re 3.89 
7.38 2.79 
5.8 3.04 


the alkaline digestion was carried out at 100°. 
also been incorporated in the method of Engel (19). 

When no dietary choline was present, the livers were quite fatty and the 
choline concentration was considerably below the normal, although growth 


0.005 


— Choline 
acids a 
percent of | mg. per 
wet weight | gm. liver 
16.2 0.170 
19.7 0.179 
12.6 0.193 
7.3 0.214 
6.5 0.224 
5.0 0.263 
4.7 0.250 
10.2 0.244 
7.8 0.251 
3.9 0.254 
3.0 0.272 
3.1 0.275 
3.1 0.271 
3.0 0.265 
4.4 0.252 


These modifications have 
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proceeded unimpaired. With increasing concentrations of nicotinamide 
growth was inhibited but the liver fat increased and then decreased in 
accordance with the growth principle stated previously. Simultaneously, 
the liver choline appeared actually to increase. This phenomenon is 
largely explained by the diluting effect of the fat in the livers of the rats 
that received little or no nicotinamide. 

In the presence of a moderate amount of dietary choline, increasing 
levels of nicotinamide first produced a mild inhibition of growth and moder- 
ately fatty livers. At higher concentrations of nicotinamide, as growth 
was severely inhibited, the liver fat concentrations returned to normal, 
In no instance was there a significant decrease in the liver choline. 

When a larger amount of dietary cheline was used, nicotinamide pro- 
duced the usual inhibition of growth. However, at no level of nicotina- 
mide feeding were fatty livers induced and again no significant decrease in 
choline concentration was found. 

The results of Groups 8 and 9 substantiate the findings of Jacobi and 
Baumann (20) in that here, too, it appears that normal concentrations 


of liver choline are not necessarily incompatible with fatty livers. 
DISCUSSION 


While this work was in progress, there appeared a preliminary report 
by Stekol (11) that nicotinic acid inhibited the growth of male rats on low 
casein diets. Further, it was stated that this inhibition could be allevi- 
ated by the administration of methionine and by choline together with 
homocystine or cystine but not by choline, cystine, or homocystine alone. 
The failure of nicotinic acid to inhibit seriously the growth of our rats under 
much the same conditions may be attributed to a quantitative strain dif- 
ference, although we tested three strains of rats. 

The inhibition of rat growth which results from the ingestion of nico- 
tinamide may be ascribed to the deprivation of methyl groups by tn- 
gonelline synthesis, the toxicity of the unmethylated nicotinamide, or the 
toxicity of synthesized trigonelline, nicotinuric acid, ete. The latter possi- 
bility has been experimentally eliminated. No definitive experiment has 
been pe rformed to test the other alternatives Nevertheless, for the pur- 
poses of this discussion the first possibility will be assumed to be correct. 

The findings pres nted here suggest that nicotinamide rather than nice- 
tinic acid is the immediate precursor ol trigonelline within the rat. Me- 
thionine or some derivative of methionine can act as the source of the neces- 
sary methyl group. The methyl groups of choline and betaine do not seem 
to be readily available to the rat for trigonelline synthesis This would 
seem to argue against the operation ot a “pool of labile methy] groups,” 


at least in any quantitative fashion. However, both of these substances do 
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prevent the formation of the fatty livers associated with the ingestion of 
large amounts of nicotinic acid or moderate amounts of nicotinamide. 
This would suggest that the fatty livers induced in rats by methionine or 
choline deficiencies should be ascribed to a deficiency in choline or its 
derivatives rather than to a deficiency in “‘labile methyl groups” unless the 
latter be understood in a very strict and limited sense; viz., choline pre- 
cursors. 

If homocysteine does arise from methionine in transmethylation re- 
actions, dietary choline should be expected to contribute its methyl groups 
to the homocysteine resulting from the methylation of nicotinamide by the 
available dietary methionine and then effect the synthesis of more tri- 
gonelline from the newly synthesized methionine in the fashion demon- 
strated for dietary choline plus homocystine. The combination of dietary 
choline plus homocystine has been incontrovertibly demonstrated to yield 
tissue methionine (21). However, since choline does not stimulate growth 
in the presence of nicotinamide and a small amount of methionine (as die- 
tary casein), it must follow that either homocysteine does not arise in 
methionine demethylation or that, while this does occur, the mechanism 
for resynthesis to available methionine is not efficient. The finding of 
Binkley and du Vigneaud (22) affords a mechanism for the latter possi- 
bility, suggesting that the path of methionine metabolism after demethyla- 
tion may lead almost entirely to cystine formation if the diet contains 
suboptimal amounts of cystine. That the presence of large amounts of 
eystine may affect the existing equilibria in favor of the existence and 
remethylation of metabolically formed homocysteine is indicated by 
Stekol’s finding (11) that the administration of choline plus cystine can 
prevent the growth inhibition pre «duced in his rats by nicotinic acid. 

While glycocyamine ingestion, at a level at which growth was still un- 
impaired, resulted in an almost complete disappearance of liver choline, 
no level of nicotinamide ingestion induced a significant decrease in the 
concentration of liver choline. The only obvious interpretation of these 
facts which is compatible with the other data contained herein is the direct 
methvlation of glycocyamine by choline despite the in vitro findings of 
Borsook and Dubnoff (23). 

Our thanks are due to the John and Mary R. Markle Foundation for 
a grant in aid of this study and to Merck and Company, Inc., Rahway, 
New Jersey, for a supply of the crystalline vitamins used in this work. 


SUMMARY 


1. The inclusion of 1 per cent of nicotinamide in a 10 per cent casein 
diet almost completely inhibited the growth of rats of both sexes. At the 
l per cent level nicotinic acid had no effect upon growth but did induce 
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fatty liver formation. Even 2 per cent of nicotinic acid had only a slight 
effect upon growth. This inhibition is believed to be due to the depriva- 
tion of the animal’s supply of methyl groups because of trigonelline syn- 
thesis. 

2. The inhibition of growth due to nicotinamide was prevented by the 
administration of methionine and by choline plus homocystine but not by 
choline, betaine, homocystine, or cystine alone. Fatty liver formation by 
nicotinamide and nicotinic acid was prevented by the feeding of methion- 
ine, choline, and betaine but was aggravated by feeding cystine or homo- 
cystine. 

3. Trigonelline excretion was greater after the ingestion of nicotinamide 
than of nicotinic acid. This excretion was further increased by the admin- 
istration of methionine and slightly increased by choline and betaine. 

4. While the ingestion of sufficient nicotinamide to produce a growth 
inhibition of 50 to 75 per cent also resulted in fatty liver formation, when 
higher levels of nicotinamide were employed the growth inhibition was 
complete and only normal concentrations of liver fat were observed. 

5. At no level of nicotinamide ingestion was a significant decrease in the 
concentration of liver choline observed. 

6. The metabolic significance of these findings is discussed. 
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ISOLATION OF ANDROSTERONE SULFATE 
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It has long been recognized that many of the steroids, including the 
androgens, are excreted in urine in conjugation with other substances 
which render them not only more water-soluble but also neutralize their 
physiological activity to a great extent. 

In 1936 Cohen and Marrian (1) isolated estriol glucuronide, the con- 
jugated form of estriol, from the urine of pregnant women and in 1936 
Venning and Browne (2) reported the isolation of pregnanediol glucuronide 
from the same source. Schachter and Marrian in 1938 (3) isolated 
estrone sulfate from the urine of pregnant mares and in this paper we 
report the isolation of a conjugated androgen, androsterone sulfate, 
from the urine of a man suffering from an interstitial cell tumor of the 
testis with general metastases. Since this finding was reported (4), 
Munson, Gallagher, and Koch (5) have recently isolated a 17-ketosteroid 
sulfate in the form of a semicarbazone from normal men’s urine which on 
hydrolysis yields dehydroisoandrosterone. 

The first indication that the androgens might be excreted as conjugates 
was suggested by the observations of Funk, Harrow, and Lejwa in 1929 (6) 
that extraction of highly acidified male urine gave a better yield of the 
hormone promoting comb growth than extraction of neutral urine, and 
later Adler in 1934 (7) found that a physiologically inactive extract could 
be obtained from male urine with butanol. By subsequent heating with 
trichloroacetic acid the inactive extract could be converted into a potent 
substance which promoted the growth of the comb of the capon. 

In the summer of 1941 through the courtesy of Professor P. Masson 
we were fortunate in being able to collect urine over several weeks from a 
patient with extensive metastases from an interstitial cell tumor of the 
testis. The history and the pathological findings of this case have been 
published by Professor Masson (8). 

In 1932 a tumor of the left testis was removed from a 32 year-old laborer. 
For 9 vears the man continued to work and was in perfect health. In 
May, 1941, he consulted a doctor, because his abdomen was enlarging and 
he found it difficult to bend when digging at work. On examination it 
was found that an enormous mass filled the abdomen and there was a 
tumor of one rib. The patient showed no sign of cachexia or of unusual 
hair growth or overdevelopment of the secondary sex organs; his strength 
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was unimpaired. 6 weeks later he died suddenly. At autopsy the most 
striking finding was that the liver weighed 7.5 kilos and was filled with 
spherical metastases. The histological examination of these metastases 
showed the same structure as the original tumor. 

It is of interest to note that neither this patient nor the one previously 
described by Masson and Sencert (9) ever became cachectic in spite of 
extensive metastases and both preserved to the end their strength and 
muscular system. One may speculate as to whether this is related to the 
production of large amounts of androgenic substances by these tumors 
which maintain the individual in positive nitrogen balance. Assays were 
carried out on urine and blood. The urinary estrogens and gonadotropins 
were only moderately increased, 113 and 110 mouse units respectively, 
while the 17-ketosteroids were markedly raised, the average excretion being 
1015 mg. per 24 hours. The serum 17-ketosteroid was elevated 16 mg. 
per cent. 

A partially purified extract of the hydroly zed urine containing 50 per 
cent 17-ketosteroids by weight was sent to Dr. Koch for assay on the 
capon, and the androgenic activity of this mixture was found to represent a 
content of 12 to 18 per cent androsterone or 48 to 72 per cent dehydro- 
isoandrosterone. This high androgen content in relation to the 17- 
ketosteroid led us to investigate the nature of the conjugated androgen 
present in the urine. The free steroids are also being studied and the 


findings will be reported at a later date. 
EXPERIMENTAL 


Melting points were determined on a Fisher-Johns micro melting point 
apparatus and are uncorrected. Microanalyses were kindly carried out by 
Mrs. Dorothy Jewitt of Averst, McKenna and Harrison, Ltd. 

The 17-ketosteroids were determined colorimetrically by the Holtorff 
and Koch modification (10) of the Zimmermann reaction. This assay 
served as a guide in following the various stages of purification. At first 
the assay was carried out after acid hydrolysis; it was late1 found, however, 
that as the various fractions were purified (content at least 30 per cent 
17-ketosteroids) the Zimmermann reaction could be applied directly to 
the unhydrolyzed material. 

The method of isolation depends upon solvent partition, as shown in the 
accompanying flow sheet. 

Extraction and Purification—38 liters of urine were collected which 
contained 18.3 gm. of 17-ketosteroid. The urine was extracted with 
benzene to remove all the free steroids (3.5 gm.), leaving 14.8 gm. of the 
conjugated 17-ketosteroid. The urine was then acidified to pH 1 with 
HCl and extracted seven times with butanol. At this pH, 95 per cent 
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Urine extracted with benzene 


Urine, pH 1, Benzene discarded 
extracted with butanol 
Butanol washed with NaOH 


NaOH washings discarded 
Butanol neutralized, evaporated 


Residue dissolved in EtOH 


Insoluble material discarded EtOH evaporated; 
residue taken up in H,O, 
acetone added 


Acetone solution 


| 


Ppt., last procedure repeated 
several times | 
Ppt Acetone solution 


Evaporated, taken up 
in H,O, chilled 
| 
| 
Ppt., 30-55 % of 
17-ketosteroid 


Chromatographic fractionation 
Conjugate = 74 & of 17-ketosteroid 


of the conjugated 17-ketosteroids pass into the butanol. The butanol 
extract was neutralized with 20 per cent NaOH and then washed four 
times with 2 N NaOH. Considerable purification was effected by this 
washing, although 14 per cent of the conjugated 17-ketosteroids was also 
removed from the butanol by this procedure. The butanol extract was 
then neutralized with HCl and evaporated to dryness under reduced 
pressure. 2.1 gm. of 17-ketosteroid were removed by the NaOH washing. 
The residue at this stage weighed 104.3 gm. and contained 12.7 gm. of 
17-ketosteroid. It was dissolved in hot ethanol, centrifuged, and the 
insoluble material was discarded. The ethanol was evaporated to dryness 
under reduced pressure. The residue was dissolved in 30 ce. of water 
and to the solution were added 400 cc. of acetone. The superntant fluid 
was poured off and this procedure was repeated several times on the 
gummy precipitate with smaller amounts of water each time. All the 
aqueous acetone solutions were combined and evaporated to dryness under 
reduced pressure. A small volume of water was added to dissolve the 
gummy residue. This aqueous solution was evaporated under reduced 
pressure until cloudiness appeared. It was then transferred to a centrifuge 
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tube, chilled, and centrifuged. A light brown substance was precipitated, 
This material was dissolved in a small volume of water and the last pro- 
cedure was repeated. An almost colorless gummy material was obtained. 
When this material was dried under reduced pressure, an amorphous 
substance containing 30 to 50 per cent of 17-ketosteroid was obtained. 

Fractionation of Conjugated 17-Ketosteroid—Small fractions of the 
conjugate (100 to 200 mg.) were dissolved in a minimal amount of ethanol 
and acetone was added until the mixture was approximately 80 per cent 
acetone. It was then adsorbed on a column of Merck’s activated alumina 
prepared according to the directions of Brockmann. Fractional elution 
was carried out with pure acetone at first, then with mixtures of this 
solvent and ethanol (10, 30, and 40 per cent ethanol-acetone). A relatively 
pure fraction of conjugated 17-ketosteroid as judged by the Zimmermann 
assay was eluted by the 40 per cent ethanol-acetone mixture. The frac- 
tions containing the highest content of 17-ketosteroid were united and 
readsorbed on alumina. By repeated chromatographic fractionations a 
colorless substance was obtained which contained 70 to 74 per cent of 
17-ketosteroid, the theoretical yield from a compound having the structure 
of sodium androsterone sulfate being 74 per cent 17-ketosteroid. 

The compound so obtained was amorphous and considerable difficulty 
was encountered in trying to obtain crystalline fractions from either 
ethanolic or aqueous acetone solutions, since gel formation usually oc- 
curred. The solid material obtained when these gels were dried in vacuo 
contained 74 per cent 17-ketosteroid and melted at 153°. Crystalline 
material was obtained by allowing an ethanolic solution of the compound 
to stand at room temperature for several days. From the original 14.8 gm. 
of conjugated 17-ketosteroid, over 2 gm. of amorphous conjugate contain- 
ing 74 per cent 17-ketosteroid were obtained; of this amount 600 mg. 
were in crystalline form. 

Characterization of Conjugated 17-Ketosteroid—Two different forms of 
crystals were obtained, depending upon the solvent from which they were 
obtained. They were both needle-like in character and could easily be 
converted one into the other by changing the solvent. 

The crystals obtained from acetone containing a few drops of water 
melted sharply at 144°, without decomposition. Those obtained from an 
ethanolic solution melted at approximately 190°; however, a definite 
melting point could not be obtained, because decomposition occurred with 
the probable formation of Na,SO,. The crystals would frequently become 
opaque without any visible signs of melting. The analysis of the two 
forms showed that the difference was due to water of crystallization. 

The conjugate is readily soluble in water, methanol, and glacial acetic 
acid, less soluble in ethanol, and only sparingly soluble in anhydrous 
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acetone. It is insoluble in ether, benzene, and chloroform. Qualitative 
tests were positive for Na and §, the § being present as inorganic sulfate. 
The conjugate gave a negative Tollens test for glucuronic acid. It was 
saturated, as no iodine was taken up in the Rosenmund-Kuhnhenn method; 
the Rosenheim test was also negative. The fact that this compound gives a 
positive Zimmermann test with maximum absorption at 520 my indicates 
that it contains a free ketone group at C;;. 

Quantitative analysis of the two crystalline forms shows the values 
given in Table I. These values agree with the theoretical values calculated 
for a compound having the structure of sodium androsterone sulfate. 
The crystalline form melting at 144° contained no water of crystallization, 
while the form melting at 190° contained 1 molecule of water of crystalliza- 
tion. The latter was dried for 3 hours at 80° in vacuo over P.O; without 


loss in weight. 


TABLE I 


Analysis of Sodium Androsterone Sulfate 


CisH2902)SO3Na (CisH2902)SOsNa(H2O) 


Calculated Found, m.p. 144° | Calculated Found, m.p. 190° 
C 58.16 58.16 | 55.85 55.82 
H 7.42 7.40 7.57 7.79 
Na 5.85 5.80 | 5.61 5.61 
| 7.80 7.79 


Hydrolysis of Conjugated 17-Ketosteroid—The proof that this conjugated 
17-ketosteroid is sodium androsterone sulfate is supplied by the identifica- 
tion of the steroids produced on hydrolysis. The method chosen was that 
of simultaneous hydrolysis and extraction of Dingemanse, Borchardt, and 
Laqueur (11) with CCk as the solvent. This procedure has been con- 
sidered to be the one least likely to cause alteration in the original steroid. 
The acid content was varied and it was found that the maximum yield 
of free 17-ketosteroid was obtained when the mixture contained 8 to 
10 per cent HCl. Even with this mild form of hydrolysis considerable 
destruction oecurred. Four lots of pure sodium androsterone sulfate 
(80 to 105 mg.) were hydrolyzed by this method. The sodium andros- 
terone sulfate was dissolved in 100 ec. of H.O containing 8 to 10 ce. of 
HCl and 50 ec. of CCl, were added. The mixture was refluxed for 6 hours, 
the CCl, being changed at 3, 1, 2, and 4 hour periods. The CCl was 
washed with 2 nN NaOH and then with H,O until the washings were neutral. 
The CCl extract was taken to dryness and weighed. The amount of 
hydrolyzed material by weight represented 50 to 65 per cent of the original 
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17-ketosteroid present in the compound. When the 17-ketosteroid content 
of these fractions was determined, the amount of 17-ketosteroids recovered 
was found to be even lower. However, when crude fractions of the 
conjugate containing 4 to 28 per cent 17-ketosteroids were hydrolyzed 
by the same method, approximately 80 per cent of the free 17-ketosteroids 
could be recovered, as shown in Table II. This would suggest that 
compounds present in the urine act in some way as a protective mechanism, 
to prevent destruction of the 17-ketosteroids on hydrolysis, and con- 
sequently the loss of these compounds may not be as great when they are 
hydrolyzed in urine of which the content of 17-ketosteroids is relatively 


small compared to that of other urinary compounds. 


TABLE II 


H ydrolys S of Pure and Crude Fractions of Con gat 


W — 7 Ketoster 7 Keto ter Re j Met vd t 
ydrolyze after hy y ysis 
” ’ 
U 7.4 1.2 56.7 \ 
iV 7.4 = 55.4 B 
NH) (4 Llline 63.5 30.6 iS .3 
Sf) 33 22 .& 10.5 
7 (Cr | 1.2 70.6 \ 
) >. | 1. ] Ri). 2 
75 19.2 2.4 $1.5 
200 54.3 50.5 RX 2 10% 
200 . 57.3 16.9 R20) B (10% 
200) 57.3 17.5 SZ. ( 
LOOO 220 180 82.0 A (15% 
1000 290) 165 75 0 B 
* Method A, boiling with 8 per cent HCl 15 minutes, extraction with benzene 
(17); Method B, simultaneous hydrolysis and extraction with CCl nd S to 10 
per cent H¢ L5to6 hou IS): Method C, boiling with 4 per cent HC! 50 minutes (19 


Fractionation of Hydrolyzed Material—The hydrolyzed material was 


dissolved in benzene-pentane mixture and passed through a column of 


Brockmann’s alumina. The column was eluted with benzene-pentane 
mixtures and then with benzene, as indicated in Table III. By this 
method two crystalline compounds were isolated from the hydrolyzed 
material Che compound obtained from the first eluates melted at 
99-101 


On recrystallization from aqueous methanol and subsequent sublimation, 
90-100" at O.0OL mm colorless rectangular plate s were obtained, which 
melted at 105.5-107 \ mixed melting point determination with an 
authentic urinary sample of androstenone-17 kindly supplied by Dr. 


Hirschmann showed no depression. 
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Oxime of Androstenone—The oxime of androstenone-17 was prepared 
in the following manner: 9 mg. of androstenone-17 and 25 mg. of hy- 
droxylamine hydrochloride were dissolved in 3 ec. of ethanol and 5 mg. 
of sodium acetate dissolved in 1 ce. of H.O were added. The ethanol was 
evaporated in vacuo and the crystalline material which separated out was 
recrystallized three times from aqueous ethanol. The melting point of the 
oxime was 153-154° and there was no depression when the material was 
mixed with an authentic sample of androstenone oxime kindly supplied by 


Dr. Pearlman. 


Taste III 
Fractionation of Hydrolyzed Vaterial 


10 ec. of material were used in each instance. 


Nc : Eluent Eluate M.p Compounds isolated 
mE ~ 

| 0% benzene-pentane 0 

2 50% 2.3 99-101] 

} 5O% - 5.2 102-104 

{ 50% “ 2.6 Androstenone-17, m.p. 
5 5O% - 1.3 104-105 

6 5 0.6 

7 50% oe 0.4 Oil 

g HOY ” 0 

9 60% - 0 
10 60% - 0 
1] 100% benzene 19.5 149-159 
12 100% - 10.5 Androsterone, 182-184° 
13 LOO% ” 2.0 
14 LOO = 0 


Analys CyH.»sNOH. Caleulated. C 79.44, H 10.13, iodine No. 89 
Found “m43,(0i, “ “ 


The C, H, and N analyses agree with the theoretical values for the oxime 
of androstenone-17. The iodine value of the oxime was 94, indicating 
the presence of one double bond. These findings identify the original 
compound as androstenone-17. The position of the double bond has not 
been definitely established. The discrepancies between the melting points 
of androstenone-17 obtained by removal of hydrogen chloride from a-3- 
chloroandrostanone-17 and the androstenone-17 obtained from other 
sources suggest that these substances may not be homogeneous but 
mixtures of A-2- and A-3-androstenone. This has been fully discussed by 
Hirschmann (12). 

The second crystalline fraction was eluted from the column with benzene, 
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m.p. 145-159°. On repeated crystallization from dilute methanol, plates 
were obtained which melted at 182-184° and showed no depression when 
mixed with authentic androsterone. 

Androsterone Acetate—The acetate was prepared by heating a sample of 
the compound for 1 hour at 100° with acetic anhydride. The mixture was 
diluted with water and extracted with ether, washed with NaOH, and then 
with water. The ether was evaporated and the androsterone acetate was 
recrystallized several times from aqueous ethanol. It melted at 164-165 
and showed no depression with authentic androsterone acetate. 


Analysis Cy gHa»O-C2H.O Caiculated C 75.90, H 9.63 


Found ~~ tee,” §6©O48 


These findings identify the second crystalline compound as androsterone. 

Sodium Androsterone Sulfate Semicarbazone—The semicarbazone of the 
conjugate was also prepared. 30 mg. of conjugate were dissolved in a 
small volume of water, 30 mg. of semicarbazide hydrochloride and 30 mg. 
of sodium acetate were added, and the mixture was gently heated for 1 hour 
at 50° and then allowed to stand at room temperature for several days, 
The crystals obtained melted at 245° and were only sparingly soluble in 


hot water. 
DISCUSSION 


The evidence furnished by the analysis, the proportion of 17-ketosteroid 
in the conjugate, and the identification of the two 17-ketosteroids produced 
on hydrolysis as androsterone and androstenone-17 all point to the fact 
that this conjugate is androsterone sulfate. 

The relative amounts of androstenone-17 and androsterone derived 
from the hydrolysis of different lots of pure conjugate varied considerably, 
even though the conditions of hydrolysis were similar. As seen from 
Table IV, the early eluates which contained the androstenone-17 fraction 
varied from 13.7 to 25.2 per cent of the original sample, whereas the late 
eluates containing the androsterone fraction varied from 8.2 to 30.5 per 
cent. The 17-ketosteroid content of the three fractions of Conjugate C 
is given. The fact that a saturated 17-ketosteroid sulfate yields on 
hydrolysis a saturated hydroxy compound, androsterone, and a non- 
hydroxy, unsaturated one, androstenone-17, indicates that the SO, group 
can be split off in two different ways, as outlined in Fig. 1. The sulfate 
group may be split off with the formation of the original ketosteroid 
androsterone or HSO,; may be removed from the molecule with the resulting 
formation of a double bond between C, and C; or between C; and C, (Fig. 1). 

The formation of this non-hydroxy 17-ketosteroid is of interest with 
regard to recent. work on the isolation of steroids from normal and patho- 
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logical urine. The question has arisen whether the non-hydroxy 17- 
ketosteroids such as androstenone-17, A* 5-androstadienone-17, and 
3-chloro-A*-androstenone-17 are products of intermediary metabolism or 
artifacts produced by the action of acid hydrolysis on the free or conjugated 
steroid. Butenandt et al. (13) have shown that 3-chloro-A*-androstenone- 
| 17 is formed by the action of hydrochloric acid on dehydroisoandrosterone 
during the process of hydrolysis and recently we have hydrolyzed synthetic 
dehydroisoandrosterone sulfate kindly prepared for us by Dr. Lieberman 


TaBLe IV 
Recovery Following Hydrolysis of Pure Conjugate 
Conjugate A, Conjugate B, Conjugate C, 90 mg. 
105 mg., 90 mg., 
| recovery weight recovery weight Weight 17-Ketosteroid 
| per cent per cent per cent per cent 
Hydroly zed material 18.8 40.0 44.5 33.2 
Early eluates 13.7 20.5 25.2 23.8 
Late i 30.5 11.1 8.2 7.4 





ANDROSTERONE SULFATE 





4, or A. ANDR« STE NONE -! 
Fig. 1. Hydrolysis of androsterone sulfate 


and have found that it yields on hydrochloric acid hydrolysis equal quanti- 
ties of dehydroisoandrosterone and 3-chloro-A*-androstenone-17. That 
} A’ 5androstadienone-17 may also be formed in the process of hydrolysis 
from dehydroisoandrosterone is suggested by the findings of Dobriner 
etal. (14) and by Pincus and Pearlman (15). By analogy from our findings 
on the hydrolysis of androsterone sulfate, A* °-androstadienone-17 might 
easily arise from the hydrolysis of dehydroisoandrosterone sulfate under 


certain conditions. ‘Hirschmann (12) was the first to isolate androstenone- 


/ 17 from human urine. He obtained this non-hydroxy steroid from the 


urine of ovariectomized women and suggested that this compound might be 
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formed by the hydrolysis of a conjugated form of androsterone. Our 
findings furnish proof for his theory. Pearlman (16) also isolated this 
compound from the urine of normal females and of cancerous males and 
more recently Dobriner and coworkers (14) have isolated this compound 
from the urine of two normal individuals and three with adrenal hyper- 
plasia. The present methods of hydrolysis are far from satisfactory and, 
as we have shown, considerable destruction and alteration of the original 
steroid occurs even under the mildest conditions. The variability in the 
yield of the two steroids obtained from the hydrolysis of androsterone 
sulfate under similar conditions should make one cautious in interpreting 
the significance of the proportion of these compounds in urine from various 
sources. The isolation of the conjugated form of androsterone and de- 
hydroisoandrosterone now offers a means for studying and improving the 
conditions of hydrolysis for these compounds. 

\ bioassay carried out on the capon revealed that sodium androsterone 
sulfate was only weakly androgenic; 7.e., 1 to 2 per cent as active as andros- 
terone. After acid hydrolysis the activity rose to 16 per cent of andros- 
terone. These assays must be considered as qualitative, however, as 
only two capons were available for each test. 

SUMMARY 

1. A crystalline conjugated androgen sodium androsterone sulfate has 
been isolated from the urine of a man suffering from an interstitial cell 
tumor of the testis. 

2. This compound exists in two crystalline forms, one melting at 144 
and a second containing 1 molecule of water of crystallization and melting 
at approximately 190° with decomposition. 

3. This compound is soluble in water and alcohol, insoluble in ether and 
benzene. 

t. Sodium androsterone sulfate is only weakly androgenic. 

5. On hydrolysis with acid it yields androsterone and a non-hydroxy 
unsaturated compound, androstenone-17. 

6. The relative amounts of these two steroids vary under similar condi- 


tions of hydrolysi 


One of us (M. M. H.) is indebted to the Banting Research Foundation 
for a personal grant. 
We wish to thank Dr. Koch for his kindness in carrying out the bio- 
assays. 
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CANINE CYSTINURIA. THE CYSTINE OUTPUT ON 
AN ARACHIN DIET* 


By W. C. HESS ann M. X. SULLIVAN 
(From the Chemo-Medical Research Institute, Georgetown University, Washington) 


(Received for publication, September 21, 1942) 


In previous work Hess and Sullivan (1) have reported on the excretion 
of cystine in the urine of two cystinuric, male Irish terriers following the 
administraton of diets containing various levels of casein and also upon 
the excretion of extra urinary cystine when either methionine or cysteine 
was added to these diets. Casein contains approximately 0.3 per cent 
cystine and about 10 times as much methionine. If the urinary cystine in 
cystinuria is derived mainly from the ingested methionine rather than from 
the cystine, it would be of interest to substitute for the casein in the diet a 
protein relatively rich in cystine and poor in methionine, a situation just 
the reverse of that found in the casein. A search of the literature revealed 
that the only protein approximating these conditions is arachin, which 
contains 1.29 per cent cystine (Sullivan and Hess (2)) and 0.54 per cent 
methionine (Baernstein (3)). Substitution of arachin for casein at similar 
levels as were previously employed and the subsequent feeding of both 
methionine and cysteine should reveal information of value in the relation- 
ship of diet and amino acids in canine cystinuria. 


EXPERIMENTAL 


The arachin was prepared from blanched, raw peanuts by the method 
of Johns and Jones (4). The arachin contained 1.26 per cent cystine by 
the Sullivan method (2) and 0.41 per cent methionine by the McCarthy- 
Sullivan method (5) on the ash- and moisture-free basis. The diet was 
the same as that previously employed (1) except that arachin was sub- 
stituted for casein at 10 and 25 per cent levels. The amino acids fed, 
l-methionine and cysteine hydrochloride, were analytically pure. The 
l-methionine was isolated from casein. Each dog received approximately 
150 gm. of diet per day. The weighed amount of each amino acid was 
intimately mixed with the diet each day. 

The same two cystinuric dogs, Nos. 32-T and 38-U, were employed 
as with the casein experiments. The daily collection and analysis of the 
urine specimens were carried out as in the previous study. Table I gives 

*A preliminary report of this work was presented before the meetings of the 
American Society of Biological Chemists held at Boston, March 31 to April 4, 1942 
(Federation Proc.,1, pt. 2, 115 (1942)). 
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the average daily excre 


urines of both dogs when the basal diets containing 10 and 


raBLe | 
Average Daily Urinary Excretions during Control Perio Two P 
A D N 
( l S Ne 
per , gm mi n 
10 32-T 0.007 (0.140 0.040 
a8 -| 0.008 0). 137 0.039 
25 32-"T 0.034 () 2915 0.070 
sS-| 0.032 0.209 0 O86 
TABLE II 
Total l na y Ex re mio t Day Period during Ing mn O 1» » A 
Proté it Li 
Cystine s2—'I 0.059 0.210 0.146 
s—| 1) O58 (). 227 0.125 
Nitrogen 32-1 8.05 20.10 8.02 
| 8. 26 19.83 8 OF 
'¥ » s2—I 0.897 1.151 0.79 
IS 0.741 1.143 0.911 
Neutral 5 32—I 0.183 0.360 (). 206 
IN| 0.172 0.285 0.162 
rase III 
Urinary Excre if Extra Cystine Following Ingestion of Am { / 
Ara eve Lx \ M ( 
per en 
10 52-1 0.081 (110 0.1 
10 3S—| 0.026 (Sl 0.09 
25 32-1 0.074 (54 0.27 
25 IS—| 0.099 (77 (). 23 
* The figures in parentheses are the percentage inc ses in cystine exé 


control. 


the 


arachin were fed. 
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tion of the principal substances determined in the 
‘) 


) per cent 


LOS 
1.96 
+. 90 
t SO) 


yon Two 


Hi 
0.408 
0.361 
0.47 
19.70 
1.326 
1.126 
0.612 
1.374 


12] 
) 
’ Si 
200 
) a | 
yA idl 


The average value in each case is based upon a number 
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of determinations made both before and after the feeding of the various 
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amino acids. The values upon which the averages are based are, in all 
eases, close together. Since arachin is known to be a deficient protein, 
the animals were not kept on the diet more than 10 days at a time. 

In Tables II and III data are presented on the effect of feeding methio- 
nine and cysteine hydrochloride on the same urinary constituents. Of the 
amount of the two amino acids indicated, one-half was fed daily for 2 
successive days. The urine was collected for these 2 days and also for the 
following 2 days, since a large number of data showed that it required this 
period to insure a return to normal levels. Since we have never found any 
extra cystine following the administration of cystine, this amino acid was 
omitted from the experiment. 

DISCUSSION 

\s judged by the urinary cystine, there is a marked difference in the 
effect of feeding the same levels of casein and arachin. The daily cystine 
excretion on the 10 per cent arachin diet is the same as on the 5 per cent 
casein diet, while the cystine excretion on the 25 per cent arachin diet is 
slightly less than the cystine excretion on the 10 per cent casein diet. The 
difference between the results with casein and arachin cannot be due to 
indigestibility and poor absorption of the arachin, since the total nitrogen 
of the urine on the 10 and 25 per cent arachin diets does not differ much 
from that on the corresponding casein diets. On the 10 per cent arachin 
diet the daily cystine output is one-fifth that on the 10 per cent casein diet 
and on the 25 per cent arachin diet the cystine output is about half that 
on the 25 per cent casein diet, while the methionine content of both arachin 
diets is one-seventh that of the corresponding casein diets. Some other 
factor than the mere percentage content of methionine is involved. 

\s with casein, increased amounts of arachin in the diet gave a larger 
output of cystine in the control pe riods and as with casein the feeding of 
evsteine and methionine gave less extra cystine excretion on the high 
protein diet than on the lower protein diet. In the casein diet both 
methionine and cysteine exert percentagely their most marked effect upon 
cystine excretion at the 5 per cent level and in the arachin diet at the 10 per 
cent level. In total output, however, the greatest excretion of extra cystine 
after methionine and cysteine were fed was on the 10 per cent casein and 
on the 25 per cent arachin diets. At the 25 per cent arachin level the 
ingestion of 2 gm. of methionine produced an increase in cystine excretion 
in both dogs that is greater than that produced by the similar supplement 
at the 25 per cent casein level. Thus on the arachin diet the average in- 
crease of extra cystine was 87 mg., while for the casein diet it was only 21 
mg. The excretion of 210 and 227 mg. of total cystine during the 4 day 
period on the 25 per cent arachin diet plus methionine is significant when 
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compared with the excretion of 136 and 128 mg. of cystine during the 4 day 
control period. The values for the control days never varied more than 
5 mg. from the mean for Dog 32-T and 1 mg. for Dog 38-U. 

In the casein experiments the addition of 2 gm. of methionine to the diet 
led to the excretion of more extra cystine than did the addition of 2 gm. 
of cysteine. In the arachin feeding, on the other hand, cysteine caused 
far more extra cystine in the urine than did methionine. Thus on the 10 
and 25 per cent arachin diets the addition of 2 gm. of methionine caused 
an average extra cystine excretion respectively of 29 and 87 mg., while 2 
gm. of cysteine caused an average extra cystine excretion of 106 and 252 


mg. respectively. 
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THE PHOTOCHEMICAL SPECTRUM OF CYTOCHROME 
OXIDASE* 


By JOSEPH L. MELNICK 


From the Laboratory of Ph jsiological Che mistry, Yale University School of Medicine, 
Vew Haven) 


(Received for publication, September 12, 1942) 


The respiratory ferment in living microorganisms has been shown to 
exhibit a photochemical absorption spectrum typical for pheohemin com- 
pounds (2-4). The two relative absorption coefficients obtained by War- 
burg and Negelein (5) for rat retina by determining the effect of light in 
decreasing aerobic glycolysis of CO-treated retinas have been shown to 
represent points on the spectrum of the Pasteur enzyme (6). Generally 
identified with the respiratory ferment in animal tissues is cytochrome oxi- 
dase, which catalyzes the oxidation of cytochrome c (7). 

For an investigation of the spectrum of cytochrome oxidase in mam- 
malian tissue, phosphate extracts of rat heart muscle were selected as the 
source of enzyme. When succinate was employed as substrate, the addi- 
tion of cytochrome c failed to increase the oxygen consumption; thus, the 
extracts contained an excess of cytochrome c. Although the over-all 
reaction consisted in the oxidation of succinate to fumarate, there is ample 
evidence to show that this reaction is mediated by the cytochrome-cyto- 
chrome oxidase system (8). Keilin and Hartree (7) have shown that CO 
is a strong inhibitor of cytochrome oxidase. This inhibition is easily 
relieved by light. As the heart muscle extracts take up O: vigorously in 
the presence of succinate at temperatures as low as 10°, this system lends 
itself to an analysis by the photochemical technique. 


EXPERIMENTAL 


Enzyme System—Hearts were removed from freshly killed adult rats, 
and washed free from blood. Either extracts were prepared immediately, 
or the washed hearts were frozen and extracts made as needed. After being 
cut into small pieces, the heart muscle was ground in the presence of sand, 
with 10 times its weight of 0.1 m sodium phosphate buffer at pH 7.3. After 
centrifugation at 3000 r.p.m. for 15 minutes, the supernatant suspension 
was used as the enzyme preparation. 2 cc. of the suspension were placed 


*This work was carried out by the author during the tenure of a Finney-Howell 
Research Foundation Fellowship (1939-41). It was aided by a grant made to Dr. 
Kurt G. Stern by the Jane Coffin Childs Memorial Fund for Medical Research. A 


preliminary note on this work has been published (1). 
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in one of the cylindrical vessels (volume, 20.2 cc.) of the differential mano- 
meter and 0.2 cc. of a neutralized succinate solution added, so that the fina] 
concentration of succinate was 0.04 m. The compensation vessel of the 
manometer contained 2.2 cc. of the buffer-succinate solution. The tem- 


TABLE I 


Photochemical Effect at 436 mp Versus That at 407 mu on CO Inhibition of Cytochrome 


Oxidase in Extract of Rat Heart Musele 


x 100 


| 
i 
Ma nete Ss 
Manometer deflect > = 
rime a a oe ann 
\ l rpoiat —— 
W ( - ; 
S Inte nin. ( f ) > | al.é 
x ~ ~ 4 =| 
> E 
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Bn |S | Nee 
=ql\& 
Neal 
P 9 
gm aiorte 
min mys per sg. cm prt per Print Der cent 
per min 
5 >. S4 
10 3.92 
15 136 Hy ire 0.50 * 10-4 
20 136 5.15 3. SO _ a 
- . an ‘ 31.3 
«J 136 } ‘ >. So y l 
30 
35 , 83 
10 107 Sr-carbon are 5.7 x 10 
15 107 5.08 3.82 33.0), 
. nd typ . edt 4 
ov 107 5.14 3.81 39.4 
7) 
60 3.80 
65 136 Hg 0.34 10 
70 136 t.57 ».78 20.9 
an ; r baie 20.6 
19 136 1.53 3.77 20.2 
si) 
“) »> 75 
ow 3.75 


Ve ‘ssels 


perature ol the thermostat was 10°. The rate of rotation of the 
was 500 R.P.M 

It was found that under these conditions neither the presence of KOH 
in an inner well, nor the addition of more succinate, nor the addition of 
cytochrome c influenced the manometric readings. Whereas replacement 
of the air in the manometric vessels with a mixture of 95 per cent No and 


0 


of 


th 


'm 


pe 


of 


we 


TiviTy 


PHOTOAC 


ma 





no- 
nal 
che 


m- 


pre 


eaeees 


J. L. MELNICK 387 


5 per cent Os had no effect on the activity of the enzyme, an atmosphere 
of 95 per cent CO and 5 per cent Oz resulted in a 75 per cent decrease in 
the O» uptake. 

Determination of Relative Absorption Coefficients (8,/B843.)—The arrange- 
ment of the photochemical apparatus and the method of charting photo- 
chemical absorption spectra have already been described (3, 6). In the ex- 
yeriments described in the present paper, the photochemical effect consisted 


of an increase in the O. consumption when heart muscle extracts, in the 


| presence of succinate and a gas phase of 95 per cent CO and 5 per cent Os, 


vere subjected to strong monochromatic illumination. 
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Fic. 1. Photoactivity curve at 436 mg 
Fic. 2. Relative photochemical absorption spectrum of the CO compound of 


ytochrome oxidase from rat heart muscle 


The details of the method for determining the 8/8435 values for cyto- 
chrome oxidase follow those already given in a previous paper of this series 
1). The data for a typical experiment are presented in Table I. In 
Column 6 of Table I are the interpolated values for the O2 uptake in the 
lark at the times when actually the O, uptake values in the light were 
being measured. With the aid of these figures, the photoactivity values 


Ap/At): — (Ap/At) a 
X 100 
Ap/At)a 


may be calculated (Column 7). 
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In Fig. 1 the photoactivity at 436 my is plotted against the intensity (7) 
at 436 my. From this curve it is found that an intensity of 5.7 K 10> 
gm. calorie per sq. cm. per minute at 407 my which exerts a photoactivity 
of 34.4 per cent is equivalent to 0.54 gm. calorie at 436 mu. ‘The relative 
absorption coefficient then may be arrived at according to the following 
equation. 


Baor less X 436 0.54 X 10-* & 436 
i a on = ().101 


Base tsor X 407 5.7 X 10-* X& 407 
Four experimental determinations at 407 my yielded an average value 
of 0.11 for B4o7/B ase. 


Taste II 
Re lative Abso pl on Coe fli ents oO} Cytochrome Or da é 


Wave-length Light source — Wave-length | Light source _ 
my mips 

407 Sr 0.11 522 Ci 0.06 

436 Hg 1.00 525 Sr 0.05 
430-470 Cu 1.50 HA6 He 0.08 

150 - +.” ¥Y band 553 Me 0.15 

457 Mg 0.83 560 ( 0.18 

160 Li 0.51 578 Hy 0.22 
487 Sr 0.02 582 Si 0.3 

> _,,/a-band 

494 Mg 0.08 89 Na 0.50 

497 Sr 0.16 597 Sr 0.25 

497 Li 0.15 610 Li 0.07 

aan ' 8-band : t : = 

515 Cu 0.22 H40-—650 Ca 0.005 

517 Mg 0.13 640-655 S1 0.00 





* Calculated; for the method, see Stern and Melnick (6 
Re sults 


The relative absorption coefficients, as determined in the manner just 
described for twenty-three wave-lengths in the visible region of the spec- 
trum, 407 to 655 my, are presented in Table II. The values, when plotted 
against wave-length, yield the relative photochemical CO spectrum of 
cytochrome oxidase in the extract of rat heart muscle (Fig. 2). 

As in the previous studies (4, 6), no source of intense monochromatic 
radiation was available at the very peak of the main absorption band. By 
application of the procedure already reported, the approximate height of 


the y-band was determined, and the maximum located at 450 mu. 
DISCUSSION 
Relationship of Cytochrome Oxidase to Respiratory Ferment of Maicro- 


organisms—From these data it appears that cytochrome oxidase from & 
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mammalian source, like the respiratory ferment in yeast and in bacteria, 
exhibits a spectrum characteristic of pheohemin compounds. There is a 
steep y-band in the blue at 450 my and two secondary maxima, the 6-band 
in the blue-green at 510 muy, and the a-band in the yellow at 589 my. The 
thermolability of the enzyme suggests that the hemin grouping iscombined 
with a protein. In spite of the similarity of these enzymes, there exist 
significant differences in details to indicate that they are not identical. 
Thus, the main absorption band is at 450 my in the instance of the enzyme 
of heart muscle, and at 430 muy for that in acetic acid bacteria and in 
yeast (2-4). 

Identity of Cytochrome a; and Cytochrome Oxidase—The possible identity 
of cytochrome a3 and cytochrome oxidase has been discussed at length by 
Keilin and Hartree (8). When heart muscle preparations are reduced by 
succinate, these authors observed that a-bands of the cytochromes are 
present at 605, 564, and 550 my, and y-bands at 448, 432, and 415 mu. 
Upon treatment of the reduced enzyme preparation with CO, the following 
changes occur: (1) Two new, faint bands appear, an a-band at 590 my and 
a y-band at 452 mu; (2) the strong band at 448 my disappears; and (3) 
the band at 432 my becomes stronger. In commenting on the spectra of 
cytochromes a and a; in the reduced, CO-treated enzyme preparations, 
Keilin and Hartree make the following assignments: 605 my to the a-band 
of cytochrome a, 590 mu to the e-band of cytochrome a3, 452 my to the 
y-band of cytochrome a, 432 my to the y-band of cytochrome as. From 
the experiments reported in this paper, the case for the identity of cyto- 
chrome a3 and cytochrome oxidase would be stronger if the two new bands 
which appear in the presence of CO are both assigned to cytochrome 4s. 
The results would then fit in well with those obtained by the photochemical 
technique, the a-band at 589 my and the y-band at 450 mu. 

This interpretation would also eliminate the following objection which 
has been raised (9). In discussing the intensities of the absorption bands of 
the cytochrome a and a3 components, Keilin and Hartree state that the 
a-band of cytochrome a; is weak compared with that of cytochrome a, 
whereas this relationship is reversed in the case of the y-bands. This 
relationship places a weak y-band together with a strong a-band, a situa- 
tion which has not yet been found to exist in the case of iron-porphyrins. 
If the bands found by the photochemical method are assigned to the CO 
compound of cytochrome a3, this objection would be avoided; for then the 
weak band at 452 mu would be the y-band of the porphyrin possessing the 
weak a-band at 590 mu. This, however, implies that the strong y-band 
of cytochrome a at 450 mu shifts in the presence of CO to 432 mu. 

In this connection it is of interest to note that Keilin and Hartree place 
the a- and y-bands of the cyanide complex of cytochrome a3 at 590 and at 
450 mu, which are the positions also found by the photochemical experi- 
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ments for the CO compound of cytochrome oxidase. One should also keep 
in mind the apparent shift of the y-band, but not of the a-band, of cyto- 
chrome a when KCN is added to the reduced enzyme preparation in the 
presence of air. 

Relationship of Cytochrome Oxidase to Pasteur Enzyme—The Pasteur 
enzyme of rat retina has been found photochemically also to have its main 
absorption band at 450 my; however, its non-identity with cytochrome 
oxidase of rat heart muscle is indicated by the fact that the a-bands are 
located at different positions; namely, at 578 mu for the Pasteur enzyme, 
and at 589 mu for cytochrome oxidase A similar situation exists in the 
yeast cell, in which the y-bands of the Pasteur enzyme and the respiratory 


ferment coincide, whereas the structure of the a-bands differ significantly, 


SUMMARY 


The absorption spectrum of the CO compound of cytochrome oxidase 
it heart muscle has been charted by Warburg’s photochemical 


from rat 
method. The main absorption band is located near 450 my, and two 
secondary maxima are situated at 510 and 589 my, indicating that cyto- 
chrome oxidase belongs to the class of pheohe min enzymes. 

The question of the identity of cytochrome oxidase and the cytochrome 
a3 component of Keilin and Hartree has been discussed in the light of the 


present findings 
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4 SUGGESTED MECHANISM OF BIOLOGICAL ACYLATIONS 
I. THE FORMATION OF ACETYLCHOLINE 


By ERICH BAER 
(From the Department of Chemistry, Banting Institute, University of Toronto, 
Toronto, Canada) 


(Received for publication, September 28, 1942) 


Our knowledge of the biochemical reactions which lead to the formation 
f acetylcholine in vivo is still inadequate. Previous investigations (1, 2) 
indicate that choline (or some derivative of choline) reacts with an inter- 
mediate compound of carbohydrate metabolism to form a complex which, 
m enzymatie dehydrogenation, yields acetylcholine. Two metabolites, 
namely pyruvic acid and acetoacetie acid, appear to be theoretically cap- 
able of participating in the synthesis of acetylcholine. Stedman and 
Stedman (1), assuming that pyruvic acid is the metabolite, proposed the 


reaction scheme | 


OH OH 
CH C—COOH CH.==C—COOH 
H O—CH CH. N(CH;);Cl H O—CH,—CH:, N(CHs;);Cl 
CH CO CO (H,) 


This scheme seems to express reasonably well the known biochemical 
facts concerning the synthesis of acetylcholine zn vivo. It is open, however, 
to one objection. The known additive compounds of pyruvie acid, e.g. 
those which are obtained by the addition of hydrogen sulfide (4), mereaptan 
5), or thioglveolic acid (6) and which are stable enough for isolation, belong 
to the keto rather than the enol form of this acid. More recently (7) the 
first type of addition was also found to occur in a number of other a-keto 
acid adducts. The formulation of the hypothetical additive compound 
nStedman’s scheme as a derivative of the enol pyruvic acid seems therefore 
juestionable. 

Experience gained by the author in recent investigations concerning the 


oxidative cleavage of a-keto acids by means of lead tetraacetate permits 


According to Lipmann (3) there exists the further possibility that the biological 


rmation of acetylcholine may be caused by the action of acetyl phosphate on 
holine 
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the suggestion of a modified reaction scheme for the formation in vivo of 
acetylcholine, which seems to correspond more accurately with the chemica] 
facts presented below. 

It has been demonstrated (7) that if the cleavage of a-keto acids by 
means of lead tetraacetate (LTA) is carried out in the presence of alcohols 
esters are obtained. The resulting esters contain acids with 1 carbon 
atom less than the original keto acids. The reaction has been carried out 
with a variety of a-keto acids (and a-keto alcohols) in the presence of 
methanol, ethanol, and benzy]l alcohol and has in each instance produced 
good yields of the corresponding esters.2, The chemical reaction involved 
has been elucidated. The supporting evidence has been set forth in ez- 
tenso in the first two papers (7) on this subject and will not be dealt with 
here. The course of the reaction is illustrated in the scheme (II, a—d) for 
pyruvic acid, since the oxidative cleavage of this acid is of particular 


interest in connection with the present investigation. 


(a) CH;—C—CO + ROH CH;—C co |* 
> P \ 

O OH RO OH OH} 
(b) CH,;—C— CO + Pb(OCOCH;), —_ 


\ 


4 \ 
RO OH OH 


CH 6 Co | + 2CH;COOH 


E O O | 


4 
Pb(OCOCH;)» |} 


(c) CH;—C——CO 4+. Pb(OCOCH;), 
_ J 
RO O O 
(d) —> CH;—CO + CO 
OR 
(II) 
* The brackets indicate that the cx mpound has not yet been isolated 


Two observations made during the investigations must be stressed, as 
they influence the decision to be reached concerning the course of the 
chemical as well as the biochemical acylation reaction: it was found that 


2 It is obvious that the oxidative cleavage reaction, if carried out in the presence ol 


alcohols, may be regarded as an esterific ition process 
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the initial formation of a loose additive compound® between the a-keto 
acid and the alcohol is indispensable for the reaction and that in forming 
the adduct the a-keto acid reacts only in its keto form. The constitution 
of these adducts is established with a reasonable degree of certainty, as 
illustrated in scheme (II, a). 

Having succeeded, in a number of cases, in obtaining esters of alcohols 
by subjecting simple alcohols to the oxidative acylation, it seemed worth 
while to determine whether this reaction, if applied to choline, would form 
choline esters, in particular acetylcholine. Such has been found to be the 
ease. The reaction proceeded smoothly, giving good yields of the acyla- 
tion products of choline. The reaction scheme (a-d) will illustrate the 
acetylation of choline if —-CH,—CH.N(CHs)3-Cl is substituted for R. 

The chemical acylation of choline was easily realized by experiment. 
Choline chloride and choline bromide are commercially available and are 
a convenient source of pure choline. Both salts, however, react with lead 
tetraacetate, forming the insoluble lead halides. They were therefore 
transformed into the acetate with silver acetate. After preliminary tests, 
glacial acetic acid proved to be a convenient solvent in which to perform 
this transformation as well as the acylation reaction itself. In order to 
obtain good yields of the acylation products all reagents and the solvent 
must be thoroughly dry. The reaction, which was carried out by adding 
LTA to an equimolecular mixture of choline and the a-keto acid (e.g., 
pyruvic acid or phenylglyoxylie acid), took place immediately with a rise 
in temperature. The choline esters were isolated in the form of their 
chloroaurates and chloroplatinates. The rather soluble acetylcholine 
chloroaurate was obtained with a yield of 76 per cent; the only very 
slightly soluble chloroaurate and chloroplatinate of benzoylcholine, how- 
ever, were obtained with nearly theoretical yields, thus indicating the 
quantitative course of the reaction. In the case of acetylcholine care was 
taken to ascertain that its formation was due only to the new oxidative 
acylation reaction and not to a possible acetylating action of the solvent or 
lead tetraacetate. This was established by repeating the procedure with 
either the keto acid or lead tetraacetate omitted. In both cases only 
unchanged choline chloroaurate could be obtained as the final product. 
Further evidence along these lines was the almost quantitative conversion 
of choline to benzoylcholine in glacial acetic acid. 

As previously pointed out, it has been assumed that the biosynthesis of 
acetylcholine is the result of the enzymatic dehydrogenation of a loose 
additive compound between pyruvic acid and choline. The newly dis- 
covered chemical acylation of choline is so strikingly similar in many 

Che additive compound may be associations of molecules held together weakly 


} 


by physical rather than by chemical forces. 
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respects to the biosynthesis of acetylcholine that by comparing the two 
processes it has become possible to propose a modified reaction mechanism, 
scheme (III), for its formation in vivo. The reaction scheme remains 
essentially that of Stedman and Stedman but contains the alteration 


necessitated by the present investigation. 


O OH [ OH OH 


CH ( CO | CH ( CO 
HO—CH CH,N(CHs;);Cl q O—CH CH.N(CH a 
[ OH OH 
(f) tc C—CO | (2H) 
| | enzyme (dehydrogenase) 
| (0—CH,—CH,N(CH;),Cl_] 


L O—CH.—CH:N (CH;);Cl 
(g) CH CO L CO 


O—CH CH. N(CHs5s)s¢ 
III) 


Stedman and Stedman’s concept ol the initial formation of a p\ ruvic 
acid-choline adduct is retained, the only change suggested being that the 
addition of choline takes place at the non-enolized keto group The adduet 
serves as substrate for the enzymatic dehydrogenation. The resulting 
unstable radical by spontaneous disintegration, involving the liberation 
of carbon dioxide, \ ields acety lcholine. \part from the change mentioned, 
Stedman and Stedman’s formulation of the biochemical reaction leading 
to the Sj nthesis of acetylcholine is corroborated by the present investiga- 
tion. 

As a mere speculation it is suggested that the action of an appropriate 
enzyme upon the adduct leads to the transitory formation and decom- 
position of intermediates similar in constitution to those postulated for 
the chemical acy lation cf. II, a-d and also 7 

The observations made in the course of the present investigation and 
recent publications of other investigators warrant the expectation that 
the oxidative cleavage of the adducts of a-keto acids with alcohols may be 
a fundamental reaction in bringing abo::+ biological acylations. Thus ac- 
cording to Lipmann (3) acetyl phosphate, a recently discovered interme- 
diate, is also believed to be formed in vivo by an oxidative acylation. 
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Chemical evidence supporting Lipmann’s formulation of the biosynthesis 
of acetyl phosphate will be given in a subsequent paper. 

There is also chemical evidence that oxidative acylation may play a 
réle in the synthesis of glycerides in vivo. Investigations concerning the 
oxidation of fatty acids by Witzemann (8) and Dakin lead one to expect 
that the a-keto acids needed for such an acylation may be formed in vivo. 
If in the reaction (ef. (II, a-d)) the pyruvie acid is replaced by a higher 
member of the series of a-keto fatty acids and the alcohol is glycerol (or 
a derivative thereof), the reaction product would be a glyceride. Chemical 
evidence supporting the concept of such a biological synthesis of gly- 


cerides by oxidative acylation has been obtained. 


EXPERIMENTAL 
Acetylcholine—A solution of choline acetate in glacial acetic acid was found 


to be suitable for demonstrating the acylation of choline by means of 


v-keto icids and LTA. 
Preparation of Choline Acetate*—A mixture of 0.7 gm. of dry choline 
chloride and 0.85 gm. of dry silver acetate in 10 ec. of dry acetic acid was 


period of 5 minutes with occasional shaking. The re- 


Kept at 50° tor a 
solution (A) of choline acetate in glacial acetic acid was used without 


] ; +l ] ] 
removal O1 Silvel chloride 


Acetylation—To a cooled mixture of Solution A and 1 gm. of carefully 


purified pyruvie acid were added 2.5 gm. of finely powdered LTA in small 
portions over a period of 5 minutes. The temperature of the mixture 
vas kept from rising above 20° by cooling with water. The reaction took 
lace immediately with the evolution of carbon dioxide and the formation 
f acetvicholine 


] ation of tcetylcholine As Chloroaurate The solution of acetylcholine 

n acetic acid was freed of silver chloride by centrifuging and the precipitate 
vashed t) with glacial acetic acid. The combined solutions were 
oncentrated in vacuo (10 mm., bath at 25°) to a thick syrup. In order 


id ion, the residue was taken up with 25 ee. of ice-cold 


to se} the leac 

vater and mixed with a saturated aqueous solution of 0.85 gm. of sodium 
sulfate and filtered. Traces of silver, if any were present, were removed 
by adding 2 N HCl dropwise to the cooled filtrate as long as a precipitate 
ontinued to form The silver chloride was filtered off. Upon further 
uddition of 0.5 ec. of 2 N HCl and a solution of 2.6 gm. of auric chloride 


acetylcholine chloroaurate precipitated immediately. 


since 


‘ yg ‘ l. es pyruvic acid, were of a high grade of purity. 

‘ id greater for water than for choline, the formation of the 
S holine adduct will be partly or completely prevented, 
rding to the amount of water present. The reactions therefore must be carried 

th dry reagents and with suitable precautions against the intrusion of moisture. 
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To increase the yield the mixture was allowed to stand 1 hour on ice. The 
bright yellow salt was thoroughly freed from its mother liquor by filtration 
with suction, washed with a few cc. of ice-cold water, and dried in vacuo, 
giving 1.87 gm. (76 per cent) of crude acetylcholine chloroaurate, m.p. 
153-160°. After two recrystallizations (from 8 cc. portions of boiling 
water) 0.66 gm. of pure compound, m.p. 162-164°, was obtained. A 
mixed melting point with an authentic sample showed no depression. 


C;H,O2NCI-AuCl; (485.2 
Calculated. C 17.35, H 3.29, Au 40.6, acetyl* 8.86 
Found. “17.32, 3.26, “* 40.65, “ 9.36 


* The chloroaurate was decomposed with metallic silver (9) and the acetyl ti- 


trated with 0.01 N sodium hydroxide (10 


Isolation of Acetylcholine Chloride—The gold salt was dissolved in water 
and decomposed with metallic silver, according to the procedure of Dud- 
ley (9). 


C;H;.0:NCI (181.5). Calculated, C 46.3, H 8.8; found, C 46.8, H 9.0 


Benzoylcholine—-Owing to the nature of phenylglyoxylic acid, the pro- 
cedure had to be slightly modified. 

The solution of choline acetate was prepared as described above, with 
the exception that 20 cc. of glacial acetic acid were used as solvent. To 
this were added 1.5 gm. of phenylglyoxylic acid and 2.5 gm. of LTA. The 
mixture was shaken for 1 hour with occasional warming to 40° and kept 
at room temperature for a further 2 hours. The benzoylcholine was iso- 
lated as chloroaurate by the procedure given above. In order to obtain 
the analytically pure gold salt of benzoylcholine it was sufficient to wash 
the crude precipitate with water until the filtrate was colorless and to dry 
the residue in vacuo. The yield of benzoylcholine chloroaurate was almost 
quantitative, 2.70 gm., m.p. 187-188°. Fourneau and Page (11) reported 
182°. 

CHis0:NCI-AuCl; (547.1) 

Calculated. C 26.3, H 3.32, Au 36.0, benzoyl* 22.11 
Found. - n”6 hoa” oe + 21.50 


* Determined as benzoic acid, which was isolated in substance; m.p. 122-123°. 


Isolation of Benzoylcholine from Its Gold Salt—561 mg. of benzoylcholine 
chloroaurate, suspended in 50 cc. of 95 per cent ethanol kept at 60°, were 
vigorously stirred with 2 gm. of finely divided metallic silver until the 
solution became colorless (2 minutes). The filtrate was concentrated 
in vacuo (10 mm., bath at 25°) and the residue brought to dryness in a 
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vacuum desiceator (CaCl.). Yield of benzoylcholine, 240 mg. (96 per 
cent). For purification, the substance was redissolved in 2 ec. of ethanol, 


centrifuged, and brought again to dryness. M.p. 204-205°; Fourneau 


and Page (11), 200 
CyH,,O.NCL (243.6). Caleulated, C 59.11, H 7.44; found, C 59.26, H 7.06 


Benzoylcholine Chloroplatinate—The procedure was repeated and the 
benzovicholine was precipitated as the chloroplatinate. The substance 
was washed with water until the filtrate was colorless and then dried in 
pacuo. The salt thus obtained was analytically pure. M.p. 234°, with 
decomposition ; Fourneau and Page (11), 224°. The vield was nearly 


quantitatiy e (99.1 per cent 


CoH, .<O.NCI PtCl, (824.2 


SUMMARY 


The acetylation of choline by means of pyruvic acid and lead tetra- 
acetate is described. This oxidative acylation offers a plausible explana- 
tion for the chemical reaction involved in the biological formation of 
acet vl holine. 

It is suggested that enzymatic oxidative acylation may be fundamental 


in bringing about biological acylations. The probable course of the reac- 


tion has been proposed. 


Grateful acknowledgment is made to Dr. C. C. Lueas for assistance in 


preparing this manuscript for publication. 
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A SIMPLE METHOD FOR THE CHEMICAL DETERMINATION 
OF URINARY THIAMINE BASED UPON THE 
PREBLUDA-McCOLLUM REACTION* 


By BENJAMIN ALEXANDER anp J. ELLIOT LEVI 


(From the Medical Research Laboratories, Beth Israel Hospital, and the Department 
of Medicine, Harvard Medical School, Boston) 


(Received for publication, September 15, 1942) 


The methods now available for the estimation of urinary thiamine may 
be classified as biological (1-4) or chemical. The former are open to many 
objections, among which are lack of specificity, accuracy, and practicability 
for routine laboratory use. 

The chemical methods are based chiefly upon two reactions. In one 
the observation of Barger et al. (5) that thiamine can be oxidized to.a 
yellow-blue fluorescent compound, later identified as thiochrome, is em- 
ployed. Jansen (6) applied this observation to the assay of thiamine in 
various biological materials, and since then numerous workers (7-10) have, 
by various modifications, devised techniques which have been used in the 
study of thiamine nutrition. Although the thiochrome method is extremely 
sensitive, it has been found to lack specificity (11-14)! because of the pre- 
sence in normal urine, and in the urine of subjects taking certain drugs, 
of variable amounts of thiochrome and other fluorescent compounds for 
which due correction must be made. The conversion of thiamine to thio- 
chrome is, furthermore, only approximately two-thirds complete (15). 
A conversion factor is therefore required for all determinations. There 
are other difficulties inherent in the method. The occurrence of certain 
substances in abnormal urine (15), for example, interferes with the quanti- 
tative conversion of thiamine to thiochrome and, by their own fluorescence, 
with the thiamine determination itself (6, 8, 9, 16, 17). It is difficult to 
correct not only for such factors (5, 17), but also for other substances which 
may affect the intensity and shade of the fluorescence caused by thiochrome 
(15, 18, 19). In addition, the need for an ultraviolet fluorometer and a 
skilled technician well experienced in its use precludes the use of this 
method from most routine clinical laboratories. 

There are several colorimetric chemical methods for measuring thiamine, 
all of which are based upon the Ehrlich-Pauly reaction in which the vitamin 
is coupled with a diazotized amino compound. Prebluda and McCollum 
(20) have described a dye which was produced by the coupling of thiamine 

* This investigation was aided by a grant from the Josiah Mary, Jr., Foundation. 

! Holt, L. E., and Najjar, V. A., personal communication. 
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with diazotized p aminoacetophenone. Melnick and Field (21) applied 
this reaction to the measurement of urinary thiamine. Although their 
method is highly specific, it is too complex, laborious, and time-consuming 
for clinical use, and in the hands of other workers it has presented insur- 
mountable difficulties. Although this method involves a simple chemical 
reaction, its complexity lies in the removal of substances which interfere 
both with the selective adsorption of the vitamin on permutit and with the 
coupling reaction, 

Recently Kirch and Bergeim (22) described a method for the determina- 


tion of urinary thiamine in which the vitamin is coupled with diazotized 


ethyl p-aminobenzoate. Although this technique avoids the use of a 
selective adsorbent, its sensitivity is limited to more than 3.0 y of thiamine 
per 5.0 ce. of urine. Consequently, concentration of the urine is necessary 
for measurements on 24 hour urine samples. The method is not applicable 


to the study of fractional excretion in which small amounts of thiamine 
must be assayed. Furthermore, adrenalin and other compounds produce 
nm standing 


colored substances with this reagent which disappeat only 
8 to 12 hours. 

Emmett, Peacock, and Brown (23) have demonstrated that thiamine can 
be quantitatively adsorbed by superfiltrol* from water and certain biological 
solutions and that the Prebluda-McCollum reaction will take place with 
the thiamine thus adsorbed. The resulting dye can then be quantitatively 
eluted from the adsorbent and the intensity of the color compared with that 
of a standard solution treated similarly. The Emmett, Peacock, and 
Brown technique satisfies the requirements for a specific, accurate, and 
practical method for measuring thiamine. The presence in urine of inter- 
fering substances, however, prevents its application to the measurement of 
the vitamin in this medium. We have identified two of these interfering 
substances. By applying a lew simple procedures, we have developed a 
method whereby these can be eliminated and urinary thiamine measured 


by the Emmett, Peacock, and Brown technique. 
EXPERIMENTAL 


Ide nirfication of Inte rfering Substances Attempts to ide ntily the sub- 
stances in urine which interfere with the selective adsorption of thiamine 
and its reaction with diazotized p-aminoacetophenone were made by experi- 
ments on a solution made up to contain thiamine and other constituents 
of urine in their physiological concentrations. 1 liter of this solution con- 
tained the following substances: thiamine chloride hydrochloride 0.5 mg., 
sodium chloride 9.0 gm., sodium monohydrogen phosphate 1.0 gm., ammo- 


nium chloride 0.5 gm., sodium sulfate 1.0 gm., calcium chloride 0.5 gm., 


\n adsorbing agent manufactured by the Filtrol Corporation, Los Angeles. 
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urea 20.0 gm., creatinine 1.0 gm. Recovery of thiamine from this so- 
lution by adsorption with superfiltrol was complete. Of these constit- 
uents, only ammonium chloride was found to decrease the yield. This 
occurred only when the concentration of this salt was much greater than 
that in normal or abnormal urine. 

When uric acid was added in amounts of 0.6 gm. per liter, there was a 
loss of approximately 50 per cent in the recovery of thiamine. From the 
color of the coupling reaction it appeared that uric acid interfered with 
this step. 

The presence of ascorbic acid also resulted in large losses of thiamine. 
Other observers (22, 23) have found that this substance interferes with 
the coupling reaction of thiamine. Kirch and Bergeim (22) cireumvented 
this by oxidation of the ascorbic acid with potassium permanganate solu- 
tion. While Emmett, Peacock, and Brown (23) avoided the effect of small 
amounts of ascorbic acid by adsorbing the thiamine on superfiltrol, this 


TABLE | 
ke the r ] wrt tcid on Thiamine Recovery from Saline Solution 
Ascor acid entrat Thiamine recovery 
, r per ceni 

a 100 
0.5 100 
1.0 S4 
2.0 73 

() 66 


method failed in the presence of concentrations comparable to those found 
In Urine The loss due to ascorbie acid was related to its concentration 
ind, in the presence of amounts found in the urine of well nourished in- 
dividuals, was as high as 40 per cent (Table I 

Removal of Interfering Substances—It was found that the effect of uric 
acid on the thiamine determination could be eliminated by precipitation 
of the urie acid with zine acetate and sodium carbonate solutions, according 
to the method of Morris (24) who used this technique for the measurement 
of uric acid in urine. In our experiments there was no loss of thiamine as 
a result of this precipitation. 

More difficulty was encountered in attempts to avoid the interference 
from ascorbic acid. Although we found that thiamine could be quanti- 
tatively adsorbed from a simple solution containing ascorbic acid at pH 7 
instead of the usual pH 4.5, this procedure was unsuccessful when applied 
to urine \ttempts to oxidize the ascorbic acid by 2,6-dichlorophenol 
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indophenol and dilute solutions of iodine were also unsatisfactory. In our 
search for a precipitating agent for ascorbic acid, we found that in 1925 
Zilva (25) had used basic lead acetate to precipitate the antiscorbutic 
factor from lemon juice. Other observers (26-28) have found also that 
lead acetate at alkaline pH would precipitate many impurities in biological 
solutions containing thiamine without appreciable loss of this vitamin. 
On the basis of these observations, basic lead acetate precipitation was 
employed to eliminate ascorbic acid and other interfering substances from 
urine. 

Method of Thiamine Determination on Urine—Identification of interfering 
substances and their elimination by the procedures discussed above per- 
mitted the development of a simple method for the determination of urinary 
thiamine. The technique was as follows: 

The urine was collected in the presence of toluene and enough 10 per 
cent sulfuric acid to maintain a pH of 3 or less (about 20 cc. of 10 per cent 
sulfuric acid are necessary for a 24 hour urine). It was found advisable 
to let the urine stand 24 hours or longer before analysis, particularly in the 
ease of concentrated urines. This favored urate precipitation. Under 
such conditions, the thiamine content remained constant for at least 
1 month. 

To 100 cc. of filtered urine in a 250 ec. centrifuge flask were added 5.0 
ec. of 20 per cent zine acetate solution. A precipitate of zinc phosphate 
which occasionally formed was redissolved by the addition of a few drops 
of 10 per cent hydrochloric acid. The solution was alkalinized to approxi- 
mately pH 7.4 by the slow addition of saturated sodium carbonate solution 
with constant agitation. 5c. of the zine acetate solution were again added. 

10 ec. of lead acetate reagent*® were added slowly with constant agitation. 
The pH, which fell during this addition, was then brought to approximately 
8.2 by the slow addition of saturated sodium carbonate solution. The 
mixture was then centrifuged and filtered into another centrifuge flask 
containing 12 cc. of 10 per cent hydrochloric acid. The precipitate was 
washed twice with about 15 cc. of water to which were added a few drops 
of the saturated sodium carbonate solution. 

The filtrate and washings were pooled and adjusted to pH 4.5 and were 
then adsorbed with 600 mg. of superfiltrol for 1 hour, as outlined by 
Emmet, Peacock, and Brown (23). The mixture was centrifuged; the 
supernatant was decanted into another centrifuge flask and readsorbed 
with another 600 mg. of superfiltrol for 1 hour, at which time it was centri- 
fuged and the supernatant discarded. In this way a small fraction of the 
thiamine which escaped adsorption was recovered. The two adsorbates 
were then treated separately. 

2100 gm. of neutral lead acetate were dissolved in 200 ec. of distilled water; 2 N 


sodium hydroxide was added to pH 7.5. 














B. ALEXANDER AND J. E. LEVI 403 


The adsorbed thiamine was coupled with the alkalinized diazotized p- 
aminoacetophenone reagent, with slight modification of the method de- 
scribed by Emmett, Peacock, and Brown. To each adsorbate were added 
5.0 ec. of water, 5.0 cc. of 95 per cent alcohol which contained 5.0 mg. 


PaB.e II 
Analysis of Urinary Thiamine and Recovery of Added Thiamine 


a Thiamine 
Thiamine : 


Subject | per 100 cc R sgt: A Anas eee pa Remarks 
urine + 507 
Y Y Y per cent Y 
N. Z. 17.8 61.0 43.2 | 86.4 167 Normal subject 
E. S. 16.0 58.9 42.9 85.8 162 "4 - 
M. B 13.3 57.8 144.5 | 89.0 | 206 
B. A. 9.9 52.2 12.3 84.6 105 
E. L 29.8 72.5 12.7 85.4 171 
29.4 70.9 41.5 83.0 178 
M. L 9.3 51.3 12.0 | 84.0 | 136 
10.4 51.4 11.0 | 82.0 156 
I 12.9 6.2 33 | 86.6 | 103 
8. I 14.8 55.9 {1.1 82.2 144 
14.3 56.3 12.0 $4.0 136 
H. H 15.4 54.7 39.3 78.6 202 
14.5 57.9 3.4 86.5 135 
I. R 7.4 19.6 12.2 | -84.4 112 
F.G 5.4 19.7 144.3 | 88.6 S4 wi poor dietary habits, low 
intake 
R.G 7.4 52.9 15.5 90.0 59 Normal; unsatisfactory reduc- 
ing diet 
B.A 6.4 0.6 44.2 | 88.4 72 Diarrhea; gastrointestinal upset 
G. F 129.1 171.9 12.8 85.6 1423 Rheumatic heart disease; con- 
gestive failure; myxedema; 
thiamine 3 mg. daily 
P. ik 26.4 67.0 10.6 | 81.2 332 Diabetes; hypertension; cardio 
vascular disease; thyrotoxi- 
cosis; (taking brewers’ yeast) 
F.S 0.4 15.4 5.0 | 90.0 1.4. Polyeythemia vera; vascular ne 
0.1 13.6 143.5 | 87.0 phritis; nitrogen retention; 
diabetes mellitus 
c.. 2 5.7 19.6 13.9 87.8 Obstructive jaundice due to gall- 
stones 
Average. 86 (a.p. + 2%) 


of phenol per cc., and a few drops of thymol blue (alkaline). The mix- 
ture was adjusted to pH 7 to 8 with 0.5 N sodium hydroxide and 10 cc. of 
the alkalinized diazotized reagent were added immediately with thorough 
mixing. The mixture was allowed to stand for 2 hours or longer and was 
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then filtered by suction on a small Hirsch filter. The precipitate and flask 
were washed three times with a total of 5.0 cc. of water. 

The adsorbate and filter paper were transferred to a dry centrifuge tube. 
t cc. of 95 per cent alcohol were run into the centrifuge tube through the 
Hirsch filter. The tube was then tightly stoppered, shaken vigorously and 
centrifuged. (If amounts of thiamine greater than 50 y were present, 8.0 
ec. of 95 per cent aleohol were used. 

The intensity of the color in the alcoholic eluate was measured in the 
Evelyn photoelectric colorimeter which had been previously calibrated 
with known amounts of thiamine handled similarly. The 540 muy filter 


was used. 


Results 


$y the technique described above, twenty-two determinations were made 


on nineteen urine samples from sixteen individuals, comprising both nor- 


ase II] 
Du) of Thiamine Ar [ 
| ' iM) y. ~ } 3 14. ] » 4 i2 ) 5 15.4 
rit 29.4 0.4 | 14.3 | 134.2 70.9 74.8 
29.1 
Di e, ¢ | (Fe } tS > S 0.2 0.7 0.3 
4 | el 
mal and abnormal subjects. The abnormal groups consisted of patients 


with diabetes mellitus, chronic nephritis, polveythemia vera, myxedema, 
hyperthyroidism, dietary deficiency, and obstructiv jaundice Deter 
minations were made on two aliquots of the same 24 hour urine specimen, 


to one of which were added 50 y of thiamine. 


The results of these analvses are shown in Table II Che average re- 
covery of added thiamine was 86.0 per cent A.D t+ Z lwenty-one 
of these recovery determinations fell between SO and 90 per cent In 


eight experiments in which duplicate determinations were made on the 
same sample (Table III) the ave rage discrepancy between duy leates was 


3.0 pel cent. All of these but one checked to within 5.0 per cent. 


DISCUSSION 


The identity of the chief substances in urine which interfere with the 
Prebluda-MeCollum reaction of thiamine has been established. Although 
the mechanism by which these substances interfere is not clear, their pre- 
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cipitation without appreciable loss of thiamine has permitted the develop- 
ment of a simple method by which this vitamin may be measured in 
human urine. The specificity of the chemical reaction upon which this 
method is based has been amply demonstrated by other workers (20, 21, 
23), and our experience with this reaction has been in complete accord with 
these findings. 

The method herein described permits the determination of urinary 
thiamine by a technique so simple as to make it readily available to all 
routine clinical laboratories. A single analysis requires 5 hours, 4 of which 
are spent in permitting reactions to take place. Six or more analyses may 
be conveniently undertaken simultaneously with but little increase in the 
time required. The amount of urine necessary for one determination 
furthermore, is so small, in contrast to that required by other specific 
methods, as to permit studies of the fractional excretion of thiamine. 

\lthough objections may be raised to the fact that the recovery of added 
thiamine is not complete, our recovery of 86 per cent compares favorably 
with that of other methods, and its simplicity warrants its use when a 14 
per cent loss is of little significance. For more accurate analyses a simul- 
taneous recovery determination may be carried out in order to establish 
accurately the percentage loss by means of which due correction may 
be made. 

It has been found that if less urine is taken for analysis, better recovery 
of added thiamine ensues. The lowest vields were obtained, furthermore, 
on very concentrated urines. For these reasons it is considered desirable 
to dilute all 24 hour urine outputs of less than 1000 ec. to 1 liter, an aliquot 
of which may be taken for analysis. 

The 24 hour urinary exeretion of thiamine in eleven normal subjects 
ranged between 103 and 478 y. In two subjects who appeared normal but 


whose dietary habits were irregular, the total daily thiamine output 
was 84 and 59 y respectively. The latter subject was on a reducing diet, 
the thiamine content of which was 0.633 mg. (calculated from accepted 
standards of food values 

Che lowest 24 hour thiamine excretion obtained in our series occurred 
in a patient with chronic vascular nephritis and nitrogen retention. It 
is diffieult to explain the almost negligible excretion of' thiamine in this 
case on the basis of deficiency; more probably, this is a reflection of im- 


paired renal function. 


SUMMARY 
|. The chief substances in urine which interfere with the Prebluda- 
MeCollum reaction for thiamine have been identified. 


2. Removal of these substances by precipitation has permitted the 








yen 
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application of this specific chemical reaction to the measurement of urinary 
thiamine. 
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THE HEMICELLULOSES OF FORAGE PLANTS* 


By EMMETT BENNETTTt 


(From the Department of Chemistry, Massachusetts Agricultural Experiment Station, 
Amherst) 


(Received for publication, September 14, 1942) 


The chemistry of the cell wall constituents of pasture grasses with some 
exceptions has been dealt with in terms of crude fiber and pentosans. The 
first term fails to include the subject of the discussion (1); the second yields 
information which we are not able to apply accurately. Because pasture 
grasses play an important réle in our economic system and because in some 
instances the polyoses and polyuronide hemicelluloses are present to a 
considerable extent, there seems to be some justification for investigations 
on these substances. Even with concrete evidence of the identity of the 
constituents of these bodies, there still remains the problem of ascertaining 
their place in the metabolism of the plant. In other words, the chemistry 
of the hemicelluloses remains to be written (2). 

This report deals with an analysis of the total polyuronide hemicelluloses 
of two species of grass, sheep’s fescue (Festuca ovina) and sweet vernal 
grass (Anthoxanthum odoratum). In addition to the generally known differ- 
ences in structure of these two grasses there are at least two variations in 
chemical composition which should be pointed out at this time. Under 
our cultural conditions sheep’s fescue is characterized by a high content of 
crude fiber and a low content of moisture, which is in direct contrast tothe 
composition of sweet vernal grass. 


EXPERIMENTAL 


The material representing each species was a composite of samples which 
had been collected throughout the growing season for several years. The 
grass plots had been kept in a vegetative condition and were substantially 
free from weeds. 

The following methods of analysis were used on finely ground material: 
Total ash and total furfural were determined by the methods of the As- 
sociation of Official Agricultural Chemists (3); total hemicelluloses, by the 
Buston method (4); arabinose, by the Wise and Peterson modification (5) 
of the Neuberg and Wohlgemuth method (6); uronic acid anhydrides, by 


* Contribution No. 454 of the Massachusetts Agricultural Experiment Station. 

+ The author is indebted to Professor J. G. Archibald of the Department of Animal 
Husbandry, Massachusetts State College, for supplying the samples used in this 
investigation. 
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the Phillips, Goss, and Browne modification (7)-of the Dickson, Otterson, 
and Link methed (8). The polvuronide hemicelluloses were isolated and 
hydroly zed by a procedure similar to that used by Weihe and Phillips (9): 
the lignin was removed by sodium hy pochlorite. 

On a quantitative basis sheep’s fescue yielded 18.11 per cent of polyuron- 
ide hemicelluloses; sweet vernal grass vielded 12.05 per cent. The svrup 
from the hydrolyzed material vielded osazones characteristic of arabinose 
and xylose. The specific rotations of the svrups were +28° and +41.6 
at 20°, respectively. These values correspond quite well with those one 
should obtain from such a mixture of sugars when present in the propor- 
tions found later. 

On an ash- and moisture-free basis the isolated polvuronide hemicellu- 
loses from sheep’s fescue had the following composition in per cent: total 
furfural 50.97, uronic acid anhydride 6.15, furfural from uronic acid an- 
hydrides 1.18, /-arabinose estimated to be not more than 1 per cent by the 
diphenylhydrazine test, furfural from /-arabinose 0.59, d-xylose 82.02, 
furfural from d X\ lose (by difference) 49.20, glucose present as indicated by 
the saccharic acid test, galactose not detected, remainder 10.83 

On the same basis the polyuronide hemicelluloses from sweet vernal grass 
had the following composition in per cent: total furfural 45.46, uronic acid 
anhydrides 7.69, furfural from uronic acid anhydrides 1.47, /-arabinose 
18.87, furfural from J-arabinose 9.06, d-xylose 60.66, furfural from d-xylose 
(by difference) 34.93, glucose present as indicated by the saccharic acid 
test, galactose not detected, the remainder in this case 12.78 

The foregoing data indicate that the molar ratio of the uronic acid anhy- 
dride to /-arabinose and d-xy lose in the poly uronide hemicellulose of sheep’s 


fescue is 1:0.2:15.7: of sweet vernal grass, 1:2.9:9.3. 


DISCUSSION 


In general, it has been observed that the hemicelluloses of lignified tissue 
are of the glucosan-xylan type; in the non-lignified tissues they are of the 
galacto-araban type (10). 

In this work, dealing entirely with lignified tissue, both types are present 
but the former class of hemicelluloses is displaced to a greater extent by the 
latter in the species having the greater content of water. In the grass with 
the lower content of water the above generalization holds true 

A preliminary examination of the viscosity of the respective polyuronide 
hemicelluloses indicated that those from sweet vernal grass when dispersed 
in water produced not only the more viscous system but aiso the more 
stable system; those from the sheep’s fescue for the same period and under 
the same conditions were almost completely flocculated. These observa- 


tions would indicate that the former has the greater degree of hydration. 
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It is realized that the viscosity of a system may be altered by several 
factors. However, attempts were made to eliminate all variables except 
those differences inherent in the dispersed phase. Alterations purposely 
applied did not alter the gross results. It seems therefore that the hemi- 
celluloses of sweet vernal grass must contribute considerably to its high 
moisture content. If the observed behavior of the hemicelluloses of sheep’s 
fescue is responsible for its low moisture content, the difference noted in the 
structure of the two hemicelluloses assumes an important réle. For in- 


stance, of what significance is /-arabinose to the process of hydration? 


SUMMARY 


The polyuronide hemicelluloses of sheep’s fescue (Festuca ovina) and 
sweet vernal grass (Anthoranthum odoratum) in the vegetative state were 
isolated. These products when hydrolyzed yielded a uronic acid, /-ara- 
binose, and d-xylose in the approximate molar ratio of 1:0.2:15.7 and 
1:2.9:9.3 respectively. The degree of hydration of the two products ap- 
peared to differ considerably. The species containing the more highly 
hydrated product had the greater original moisture content and contained 


the larger percentage of /-arabinose. 
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Adrenalin, by virtue of its particular chemical configuration, is subject 
to two different kinds of enzymatic oxidation. Like many other hydro- 
quinones, it can be oxidized by the cytechrome oxidase system and by 
polyphenoloxidase (1, 2). The end-product for this quinone oxidation of 
adrenalin is a group of red compounds called adrenochrome, capable of 
condensing into melanin-like pigments. On the other hand, the side chain 
of the adrenalin molecule has the structure of an aliphatic amine, and as 
such may undergo oxidative deamination through the action of amine 
oxidase (3). 

The studies of Gaddum and Kwiatkowski (4) and many others have 
shown that the attack on adrenalin by the amine oxidase is destructive of 
the pharmacological activity of adrenalin, at least on those organs in which 
the action of adrenalin is exciting, and that the inhibition of the amine 
oxidase by ephedrine and related drugs accounts, in part, for the sym- 
pathomimetic action of these drugs. On the other hand, Friedenwald and 
Buschke! have shown that a cyanide-sensitive system is necessary to 
activate the adrenergic reaction and that under certain conditions cyto- 
chrome c may be shown to act as a link in this activating system. It does 
not necessarily follow that the quinone oxidation of adrenalin is a step in 
the adrenergic reaction. Still it was of interest to discover how these two 
oxidizing systems which have opposing effects on many adrenergic reac- 
tions may compete in the tissue for adrenalin as substrate. 

In tissues in which both the quinone-oxidizing and the amine-oxidizing 
systems are active, either one can be separately suppressed, the former 
by the addition of cyanide, the latter by benzedrine. On the other hand, 
tissue preparations are readily obtained which contain abundant cyto- 
chrome oxidase and amine oxidase but which are relatively deficient in 
cytochrome c. Such preparations are unable to oxidize hydroquinone 
unless cytochrome c, prepared from some other organ, is added. Measure- 
ment of the oxygen uptake and of the volatile base liberated in the presence 


* This work was supported in part by a grant from the John and Mary R. Markle 


Foundation. 
' Friedenwald, J. S., and Buschke, W., to be published elsewhere. 
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and absence of cytochrome c should reveal the distribution of adrenalin 
as substrate between these two enzyme systems. The results of experi- 
ments conducted according to this plan have led us to the unexpected con- 
clusion that the actions of these two enzyme systems on adrenalin as sub- 
strate are not mutually independent, but that a product of the action of 
the cytochrome system on adrenalin and on some other hydroquinones is 
capable of inhibiting the action of amine oxidase on adrenalin and on other 
similar amines. 
Technique 

Mucosa from rabbit intestine was used as a source of cytochrome oxidase 
and amine oxidase. ‘The small intestine of one rabbit was split open and 
washed with cold tap water. The superficial layer of the mucosa was 
scraped off with a blunt spatula, ground in a mortar, and suspended in 
dialyzing tubes. After dialysis for 2 days in the ice box against frequent 
changes of distilled water and with frequent vigorous mixing of the contents 
of the tubes, the suspension was emptied into a mortar, ground thoroughly 
once more, made up to 50 ec. with distilled water, and with enough phos- 
phate buffer of pH 7.4 to make the phosphate concentration 0.2 M. In 
most experiments we used | cc. of this suspension per Warburg vessel, 
adding 1 more ec. of phosphate buffer of the same concentration and pH. 
The substrate solutions were neutralized before addition. 

Pure polyphenoloxidase was obtained in the form of a concentrated 
solution from Mr. Stanley Lewis in the laboratory of Professor J. M. Nelson 
of Columbia University. 

Cytochrome c was prepared according to the method of Keilin and 
Hartree (5) and was stored as acetone precipitated dry powder. 

Oxygen uptake was measured by the Warburg manometric method. 
Volatile base was determined after incubation and measurement of oxygen 
uptake as follows: The contents of the manometric flasks were acidified 
with trichloroacetic acid and the precipitated protein separated in a centri- 
fuge. The supernatant fluid was poured into Erlenmeyer flasks, 1 gm. of 
sodium carbonate was added, and by bubbling through a lively stream of 
air the volatile base was carried over into wide centrifuge tubes containing 
5 ec. of saturated boric acid with 2 drops of brom-cresol green solution as 
indicator. After 6 hours the stream of air was interrupted and the base 
titrated with 0.01 n HCl. Further bubbling for another 6 hours showed 
that no more base could be removed. The method does not permit distine- 


tion between ammonia and methylamine. 


Re eS) ults 


Suspensions of intestinal mucosa prepared as outlined above have almost 


no oxygen uptake unless substrate is added. On addition of adrenalin a 
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n rapid oxygen consumption ean be measured (Table I). This oxygen up- 
i- take is uninfluenced by the addition of cyanide but is completely suppressed 
\- on addition of benzedrine. It is, therefore, wholly attributable to the 
)- action of amine oxidase on adrenalin. If eytochrome c is added, the 
of oxidation of adrenalin is more rapid, and only a small decrease occurs on 
is 

.T TABLE | 


Oxidation of Adrenalin by Intestine Mucosa Preparation 


5 mg. of adrenalin per sample. 


C¥tochrome , 0.25 cc., 1 per cent : . : 
P I Oxygen uptake after 30 min. 





solution 
S¢ 
id c.mm. 
AS 91 
in 18 
180 
nt hie 
155 
ts 
ly 
S- rasie Il 
In Oxidation of Catecl Tyramine, and Hyd oquinone +4 Turamine by Intestine Mucosa 
| Pre p mn 
H _ 5 
, | ‘Ms Cat , coals a ar — ¢, 0.28 Oxygen uptake after 
—— - : cc., 1 per cent 20 mir 
v4 1 
solution 
ad 
c.mm. 
mn _ 
\ } o4 
B t 77 
nd ( n 71 
LD 64 
d. | + 6 
| | + 63 
en 
ed Hydroquinone, 2.5 mg 
rl- 
of t 89 
; } 15 
ol 115 
110 
ng 
is 
use addition of benzedrine2 Since the presence of cytochrome ¢ does not 
ed interfere with the action of the amine oxidase on tyramine nor with the 
1C- inhibition of the amine oxidase by benzedrine, this experiment indicates 
| ? High concentrations of benzedrine inhibit both the amine oxidase and the cyto- 
chrome oxidast Chere is, however, a range of concentration in which only the 
mine oxidase is inhibited. The precise location of this concentration range seems 
ost to vary for different enzyme preparations and must be determined for each prepara- 


1a tion in separate experiments 
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that when adrenalin is being attacked by the cytochrome system the amine 


oxidase becomes inactive. 

In a similar experiment the two enzyme systems were supplied with two 
separate substrates, p-hydroquinone or catechol for the cytochrome system, 
tyramine for the amine oxidase (Table II). In the absence of cytochrome 
c only tyramine is oxidized. In the presence of cytochrome c plus a hy- 
droquinone the quinone oxidation accounts for the whole oxygen uptake 
irrespective of whether tyramine is also present or not. 

Although the preceding experiments made it probable that the amine 
oxidase is inactivated by the action of cytoclkrome oxidase on a hydro- 
quinone, it seemed desirable to obtain more direct evidence on this point. 
Several samples of the cell suspension which contained both enzymes were 


TaABLe III 


Tyramine Oxidation by Intestine Mucosa Pre paration, after Preceding Oridation of 


Catechol by Cytochrome Oxidase Systen 


Preliminary period, 5 mg of catechol, 0.25 ec. of 1 per cent solution of eytochrome 


c; concluding period, 1 mg. of cyanide, 10 mg. of tyramin 


Preliminary Concluding 


Sample Cytochrome « Catechol poe Ae oy lyramine oon ty oy 

20 min. 20 min 
c.mm c.mm. 

\ 10 + 55 

B + — ll + 57 

( ~ 12 t 72 

D + 75 27 

K : + 78 17 


placed in Warburg flasks. In certain samples the cytochrome oxidase was 
activated by the addition of cytochrome c; in other samples no cytochrome 
e was added and the cytochrome oxidase system remained inactive. 
Catechol was added as substrate and the samples incubated for a brief 
period. This preliminary incubation period was terminated by the addi- 
tion of cyanide and tyramine, simultaneously inhibiting further action of 
the cytochrome oxidase and providing a substrate for the amine oxidase. 
It can be seen from Table III that in those samples (A, B, C) in which the 
cytochrome system was kept inactive in the preliminary period the amine 
oxidase exhibited full activity after addition of cyanide and tyramine. In 
the sample in which the cytochrome oxidase system was active in the pre- 
liminary period, Sample D, the amine oxidase showed a greatly decreased 
The values in Samples C and D have to be 


activity in the second period. 
The data 


corrected for catechol autoxidation by subtraction of Sample E. 
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are from one of three similar experiments which were in complete 
agreement. 

These results were duplicated by an experiment in which polyphenol- 
oxidase was used as the inactivating oxidizing system instead of cytochrome 
oxidase. This experiment was carried out in order to see whether the 
inactivation of the amine oxidase would take place only if the two enzyme 
systems were in close spatial proximity, perhaps bound to the same struc- 
tures of the cells, or whether extracellular systems would exhibit a similar 
effect. To the usual cell suspension, polyphenoloxidase solution was 
added together with catechol as substrate. No cytochrome c was added. 
Again a preliminary incubation period was concluded by addition of cyanide 
and tyramine and the oxygen uptake recorded. The results in Table IV 
show, in complete agreement with the previous experiment, that the action 


TABLE IV 
Tyramine Oxidation by Intestine Mucosa Preparation, after Preceding Oxidation of 
Catechol by Polyphenolozidase 
Preliminary period, 0.05 cc. of polyphenoloxidase solution, 5 mg. of catechol; 
concluding period, 1 mg. of cyanide, 10 mg. of tyramine. 


Polyphenoloxidase Preliminary pericd, ; , Concluding period, 
' ¥ pee 1 : oxygen uptake after Tyramine oxygen uptake after 
— 20 min 20 min. 

c.mm. c.mm. 
18 _ 2 
15 + 59 
} 174 { 21 
182 ~ 14 


of the amine oxidase is abolished in Sample C to which the cyanide-sensi- 
tive polyphenoloxidase had been added. The value in Sample C has to 
be corrected for catechol autoxidation by subtraction of Sample D. 

The same type of experiment with adrenalin as substrate for the poly- 
phenoloxidase or cytochrome oxidase does not yield on subsequent mixing 
with tyramine and cyanide any inhibition of the amine oxidation of 
tyramine. The same failure of inhibition of the amine oxidase is found 
when adrenalin itself is used as substrate for both systems in succession. 
Contrasting these results with the experiments reported above on the 
inactivation of the amine oxidase by simultaneous activity of the cyto- 
chrome system on adrenalin, we concluded that the inactivation of the 
amine oxidase by the oxidation product of adrenalin is transitory and is 
due to a transitory intermediate oxidation product of adrenalin. The 
existence of such intermediate oxidation products preceding the formation 
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of adrenochrome has recently been reported (6), and is further supported 
by some experiments in this laboratory which will be reported elsewhere, 

A further test of the correctness of the interpretation of these experi- 
ments is achieved by comparing the oxygen uptake with the ammonia 
production. No ammonia results from the quinone oxidation but between 
1 and 2 molecules of ammonia or methylamine are produced for each 
molecule of oxygen consumed when the amine oxidase acts.’ Table V 
shows the result of experiments in which cytochrome oxidase of the tissue 
was activated by addition of cyvtochromec. Without substrate there was a 
small oxygen uptake and a small NH; production. When tyramine was 
added, a large and approximately equal increase in O, uptake and NH, 


production was found. With tvramine and catechol simultaneously pre- 


I I E \ 
Substrates, 10 mg. of catechol, 5 mg. of tyramine, and catechol + tyramine; 0.5 
ec. of a 1 per cent solu f cytochrome ¢ 
Amn produc } 
if 0) 
Oxyage t 
art Cor 1 for 
[ ec NHs | luction 
by tissue alone 
microm ’ ” Va 
Tissue suspension 1.0 9 5 
. - t\ I l Ss () 1 2 te 
ecl 2 2 6 0.1 
mit ec} ] Z ~ | 9 6 


sented to the tissue, the O, uptake is the same as that with catechol alone, 
while the NH; production from the tyramine is 80 per cent inhibited. Simi- 
lar experiments were carried out with cobefrin (3 ,4-dihydroxyphenyl- 
propanol amine hydrochloride) and tyramine as substrate pair and with 
adrenalin alone (Table VI). In both cases the results were in agreement 
with those just described. 

A concluding series of experiments was carried out in order to obtain in- 
formation in regard to the mechanism of the inactivation of amine oxidase. 
The detection of an oxidizable group in this enzyme, the integrity of which 
would prove to be essential for its full activity, would not only make the 
inactivation intelligible but also contribute to the knowledge of the prop- 
erties of the enzyme as such. Preliminary experiment showed that the 


* The chief oxidation product of amine oxidase action under the conditions of our 
experiments appears to be the carboxylic acid rather than the aldehyde For the 


production of the latter }O, is required per NH; produced 
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activity of amine oxidase could be abolished by treatment with iodine, 
with methylene blue, and also by prolonged incubation with iodoacetate.! 
Therefore, we set out to test with more specific reagents whether sulfhydry] 
groups were involved in the inactivation. We used for these tests those 
organic mercurial compounds which have been used by Hellerman and 
Perkins (8) in extensive studies of other enzymes. 

Of the three mercurials tested one (bistoluylmercury) does not react 
with sulfhydryl groups. This substance produced no inhibition of the 
amine oxidase (Table VII). The two other compounds (chloromercurie 
benzoate and phenylmercuric hydroxide) react readily with SH groups 
and markedly inhibit the amine oxidase. The inhibitory effect was almost 
complete immediately after addition of the mercurial inhibitors. 

In the course of studies on the inhibiting action of mercurials, we found 
that cyanide in small concentration considerably reduces the inhibitory 
effect of these compounds. The explanation of this interesting phe- 
nomenon does not concern us here, but the action of cyanide proved useful 
in our studies in that it made possible the demonstration that the inhibi- 
tory effect of the mercurials on the amine oxidase could be reversed by the 
addition of glutathione (Table VIII). In the absence of cyanide the 
inhibition produced by the mercurials was only very slightly reversed by 


the addition of sulfhydryl compounds. 
DISCUSSION 


The inactivation of certain enzymes by quinones is not new. In fact a 
large number of enzymes have been shown to be susceptible to reversible 
oxidative inactivation by various agents. In respect to some of these 
enzymes, there is evidence of varying strength, indicating that the group 
in the enzyme which is attacked by the oxidizing agent is probably a sulf- 
hydryl (9). In this connection the inactivation of amine oxidase by the 
simultaneous enzymatic oxidation of uric acid reported by Zeller (10) 
should be recalled. 

The present study reveals a possible physiological mechanism by which 
reversible inactivation of some sulfhydryl enzymes may be achieved. It 
would be attractive to speculate on the enzyme system which may possibly 
be susceptible to this mode of inactivation. For instance, the sensitivity 
of triose phosphate dehydrogenase, which is also inhibited by iodoacetate 
(11), methylene blue (12), and by oxidizing agents including quinones 
(13), could give our observations significance for the problem of the Pasteur 


effect. We have as yet been unable to obtain any evidence that such in- 
‘ Kohn (7) failed to obtain inhibition of amine oxidase with iodoacetate, possibly 
because of too short an incubation period in his experiments. At least 2 hours 


exposure of the enzyme to iodoacetate are required. 
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activations are part of the physiological or pharmacological effects of 
adrenalin. Furthermore we have no evidence that physiological con- 
centrations of adrenalin would suffice to produce such inhibitions. Ex- 
perimental results obtained on ground and dialyzed tissue need not be a 
true picture of what can happen in the undisturbed organ and our results 
provide no basis for deciding which of the many oxidizable components 
of a living cell would compete most favorably for a locally produced oxidiz- 
ing agent derived from adrenalin. Without any assumptions regarding 
the tissue component that may be oxidized by this reaction, our experi- 
ments still provide grounds for concluding that the reaction products re- 
sulting from the quinone oxidation of adrenalin can act as intracellular 
oxidizing agents. A possible explanation of the réle of the cyanide-sensitive 
oxidase in the pharmacology of adrenalin is thus provided. 


SUMMARY 


The oxidation of adrenalin and certain other quinones by the cytochrome 
oxidase system or by polyphenoloxidase results in the production of sub- 
stances capable of inhibiting amine oxidase. The active agent is not 
adrenochrome but some unstable precursor. The mechanism of inhibition 
appears to consist in the oxidation of a sulfhydryl group in the amine 


oxidase. 
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Most of the common antiseptics, heavy metals, chlorine compounds, 
phenolic compounds, detergents, etc., exert an inhibitory effect upon the 
metabolism of the susceptible microbial species. There are, however, a 
few substances which, although possessing marked bacteriostatic activity, 
do not appear to interrupt respiratory processes. This is particularly true 
of the sulfonamides. Cultures of Bacillus brevis have yielded two crystal- 
line polypeptides, gramicidin and tyrocidine, which are endowed with 
antibacterial activity but differ in many other biological and chemical 
properties (1, 2). It will be shown in the present paper that one of these 
substances, tyrocidine, inactivates completely the oxidation-reduction 
systems of susceptible cells. In this respect tyrocidine behaves like ‘com- 
mon antiseptics, and perhaps especially like the cationic detergents, which 
it resembles in several respects. The other substance, gramicidin, causes 
on the contrary only a limited injury to the bacterial cells and may either 
stimulate or depress some of their metabolic functions, according to the 


composition of the medium in which the test is carried out. 


EXPERIMENTAL 


Whereas tvrocidine is toxie for all groups of bacteria, gramicidin is en- 
tirely inactive against Gram-negative bacilli (1, 2). For a comparative 
study of the effect of the two compounds, we have therefore selected strains 
of Gram-positive coeci which are susceptible to both of them. One, 
Staphylococcus aureus (Strain 40-2B), was isolated from a case of bovine 
mastitis; the other, Streptococcus hemolyticus Group D (Strain H69D), was 
kindly supplied by Dr. R. C. Lancefield. Although these two strains are 
not the most highly susceptible to gramicidin and tyrocidine, they offer the 
advantage of growing readily and abundantly in ordinary bacteriological 
media, and of representing two fairly different types of cellular metabolism. 
The streptococcus culture gives rise predominantly to a lactic acid fermenta- 
tion, whereas aerobic mechanisms play a larger part in the metabolism of 
the staphy locoeci. 

The bacterial cultures were grown for 18 hours in meat infusion-peptone 
broth and the cells were separated by centrifugation and washed in water. 
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Washing often resulted in a marked decrease in metabolic activity and in 
particular decreased the ability of the cells to exhibit stimulation of meta- 
bolism upon the addition of gramicidin. It was found that systems of 
greater and more dependable metabolic activity were obtained when, fol- 
lowing separation from the culture medium, the cells were incubated in a 
neutral phosphate buffer containing glucose, and separated by centrifuga- 
tion just prior to use. This procedure was followed in some of the experi- 
ments reported. 

The gramicidin and tyrocidine hydrochloride (3) were kept as stock solu- 
tions containing 5 mg. per ec. in aleohol. Since ethyl alcohol is readily 
oxidized by staphylococcus, it was often found desirable to use tertiary 
butyl alcohol, a completely inert substance, as the solvent. The alcoholic 
solutions were diluted in distilled water. As substrates glucose and ethyl 
alcohol where used in 0.5 to 1.0 per cent concentration; the nature of the 
results was not affected by varying the concentration. 

Oxygen uptake was measured by the conventional technique in the 
Warburg respirometer; the reaction was carried out at 38°; COs was 
absorbed by 20 per cent NaOH inthe center cup. The vessels had a volume 
of about 8 ec. and contained from 1.2 to 1.5 ec. of total fluid 

Cell suspensions of different densities were used in different experiments, 
In general, it was arranged that the cell suspension be such as to give an 
oxygen uptake of 50 to 150 microliters per hour, per manometer vessel. 

Fig. 1 illustrates the effect of different amounts of gramicidin and 
tyrocidine on the oxygen uptake of staphylococci resuspended in a solution 
containing glucose and potassium phosphate buffer at pH 7.4. In this 
experiment low concentrations of Mg**+, Mn**, and Ca** ions were pro- 
vided: since no effect of these ions has been observed, they were not. intro- 
duced in the other experiments reported here 

It is seen that, immediately upon the addition of gramicidin, there was 
an increase in the rate of oxygen uptake which lasted for several hours and 
was independent of the amount of gramicidin used On the contrary, the 
addition of 40 y of tyrocidine caused a complete inhibition of oxygen up- 
take; no stimulation was observed with 1 y of the substance. 

Analogous results were obtained when ethyl alcohol was substituted for 
glucose. The data presented in Table I illustrate especially that, even 
when used in excess, gramicidin always caused a stimulation of oxygen 
uptake, whereas only inhibition could be observed with tyrocidine. The 
stimulating effect of gramicidin takes place over a wide range of pH, with 
an optimum around neutrality (Table II); it is influenced not only by the 
pH of the medium, but also by the nature of the buffer. In citrate buffer 
at pH 6.7, for instance, gramicidin caused an immediate decrease of oxygen 
uptake by staphylococci resuspended in 1.0 per cent alcohol; on the other 
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Fic. 1. Rate of oxygen uptake by Staphylococcus aureus acting on glucose at 38°. 
The abscissa represents time; the ordinate, oxygen uptake per } hour by 1.4 ce. of 
suspension containing the cells from 2 ec. of broth culture, and 10 mg. of glucose. 
Curve 1, control: Curve 2, 40 y of gramicidin added at zero time; Curve 3, 1 y of 
gramicidin added; Curve 4, 40 y of tyrocidine hydrochloride added; Curve 5, 1 y of 
tyrocidine hydrochloride added. Medium, 0.07 m potassium phosphate buffer at 
pH 7.4 containing (molal concentration X 10‘ Mg = 5, Mn** = §, Ca** = 6, 
Na* = 11, SO," = 10, Cl- = 70 

TABLE | 

Effect of Gramicidin and Tyrocidine on Oxygen Uptake by Staphylococcus aureus 

icting on Ethyl Alcohol 


Medium, 0.07 m potassium phosphate, 0.08 m sodium chloride 


x 100 
Vo, without a rent 
Am t of agent per I c. final volume 
lime after addition of agent 
Before 

ve 0-30 min 60-90 min = 
100. -y gramicidin 101 125 100 85 
no “ “5 97 122 100 75 
10 us 108 117 104 85 
3 ‘ 101 110 107 90 
I 97 124 114 97 
0.3 * . 107 119 119 112 
100 «=** tyrocidine hydrochloride 100 LO 0) 0 
mn «le 96 20 10 0 
_ * a ; 95 55 60 50 
Q «4 ‘ “ Q4 96 9] 65 
1 « 6 rT 97 100 94 SO 
0.3 « 64 ‘ 97 100 96 85 


Control, actual oxygen uptake in ec. per 30 
min 39 37 27 20 
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hand, when potassium phosphate at pH 6.7 was present in the same citrate 
solution, gramicidin caused a stimulation of oxygen uptake. 

Other ionic components of the medium also influence the response of the 
cells to gramicidin. For instance, stimulation of oxygen uptake is barely 
detectable, or altogether fails, in the absence of potassium, although it is 
readily observed in the absence of sodium (Table III). Ammonium chloride 
also exerts a striking action; in the presence of small amounts of this sub- 
stance gramicidin causes marked depression of oxygen uptake by staphy- 
lococcus when the conditions are otherwise favorable for stimulation. 

Stimulation of the metabolism of staphylococcus can also be observed 
when, instead of oxygen uptake, lactic acid production (colorimetric deter- 


mination (4)) is used as an index of metabolic activity. 


TABLE II 
Effect of pH of Vedium on Stimulation of Staph jlococcus Metabo n by Gramicidin 
Gramicidin added, 20 y per 1.1 ec. of final volume 
Vo, with gramicidin 
Oo adie 
~O, without gram 
M potassiur 
I S| ite buffer 
Time afte | g 
Before addition 
)}-30 min I 
pH 
7.8 105 134 119 70 
7.4 103 171 199 li4 
7.0 S5 196 210 Lif 
6.6 97 195 177 116 
6.2 100 142 117 SO) 
5.8 SO gg 50 25 


The difference in the mode of action of gramicidin and tvracidine is 
well illustrated by comparing the effect of these two substances on the 
oxygen uptake and acid production by Streptococcus hemolyticus Group D. 
It is seen in Table IV, for instance, that the rate of acid production is 
increased by gramicidin when the cells are resuspended in a glucose solution 
containing potassium phosphate, whereas the rate is decreased when the 
system is buffered with sodium phosphate. In each case, the rates re- 
mained uniform as long as glucose was present in the medium and the total 
acid produced was the same. 

Tyrocidine always caused a decrease or complete cessation of acid pro- 
duction by streptococcus in analogous experiments. 

In a number of qualitative or semiquantitative experiments, the reducing 
ability of cell suspensions was determined by observing the reduction of 


methylene blue or of ferric chloride. In the latter case, ferric chloride 
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m) and a, a’-bipyridine (0.0004 m) were added directly to the cell 
ion: under these conditions, the production of the red complex 


1 a, a’-bipyridine and ferrous ions served as an index of reducing 


TaBLeE III 
E fle Va is Tons on Staphylococcus Metabolism in Presence of Gramicidin 
Gi lin added, Experiment A, 8 y per 1.4 ce. of final volume; Experiment B, 
0 y | 2 | volume; Experiment C, 20 y per 1.2 ec. of final volume. 
Yo, with gramicidin 
im , x< 100 
Yo, without gramicidin 
Expe s iti 
mer Time after addition 
Before of gramicidin 
KB ‘ NH,Cl pH addi- 
tion 0-30 60-90 120-150 
min min min. 
M 
\ 002 mM Na 0 6.7 US 25 10 15 
0.02 0.09 m K phos 0 6.7 99 165 | 125 60 
pl 
B 006m N } OO8 wm NaCl O 7.4. 106 100 60 35 
> OM 0.08 “* KCI 0 7.4 9] 115 bo 15 
0.06 0.08 “NaCl O 6.7 100 107 | 55 15 
0 06 0.08 * KCl 0 6.7 R85 125 65 55 
( 0.08 I 0.08 ** NaCl 0 7.4 O4 120 75 55 
0 OS 0 OS 0.003 7.4 103 9] i0 70 
0.09 0 6.7 93 120 55 50 
0.09 0.003 6.7 Q9 35 | 35 20 
ABI [\ 
} (; | pP ( nb y St eptococcu hemolyticus (Group D) 
| ng on Glucose 
[he time indicated is that elapsed after the addition of glucos Gramicidin, 1.5 7 
er ¢ I Dac I l I 
n/70 acid produced after 
M 
1 } hrs 8 hrs. (final) 
ti ce 
0.085 wm K-HPO, 0.30 0.92 1.84 2.44 
0 O85 rg I lin 0.44 | 33 2 26 2 51 
). 035 Nae HPO, 0.38 1.12 2.10 2.42 
03 eramic 0.31 0.98 1.76 2.45 
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Again it was found that tyrocidine always inhibits the reduction 
viene blue and ferrie ions, whereas gramicidin greatly stimulates 
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and Zittle 


in potassium phosphate buffers. 
5) observed that tyrothricin stimulates oxygen uptake 
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and glycolysis by spermatozoa. Tyrothricin is a mixture containing ap- 
proximately 10 to 20 per cent gramicidin and 40 to 60 per cent tyrocidine, 
The data presented in Table I allow one to deduce that, over a narrow range 
of concentration of tyrothricin, it should be possible to observe stimulation 
by the gramicidin without appreciable effect of the tyrocidine component, 


SUMMARY 


Tyrocidine inhibits metabolic reactions of Staphylococcus aureus and 
Streptococcus hemolyticus (Group D). The degree of inhibition is directly 
related to the concentration of the inhibitor. 

The effect of gramicidin on these same metabolic functions is greatly 
influenced by the composition of the medium in which the reaction is 
carried out. In the presence of phosphate and potassium ions, for instance, 
there is observed a prolonged stimulation of metabolism which is indepen- 
dent of the amount of gramicidin present. In the presence of ammonium 
ions, gramicidin causes a depression of oxygen uptake by staphylococcus 
under conditions otherwise favorable for stimulation. 
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QUANTITATIVE DROP ANALYSIS 
XVII. GASOMETRIC DETERMINATION OF AMINO NITROGEN* 
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In a study of enzymic hydrolysis in small samples, either as a histochem- 
ical problem or in the study of the metabolism of tissues in culture in 
vitro, it is frequently desirable to analyze for very minute amounts of amino 
nitrogen. The determination of this constituent in samples containing as 
little as 1 y has been successfully performed by use of the formol titration 
method (1, 2). While titrations in the presence of formaldehyde are 
definitely useful in obtaining comparative results, in analyzing solutions 
of single amino acids, and in following changes in amino nitrogen content, 
eg. during hydrolysis, the method is defective as a means of analyzing mix- 
tures of amino acids because of the great dependence of the recovery on 
the pH end-point chosen. Any particular end-point may give an average 
recovery which is widely different from the theoretical, and analyses of the 
same material may yield variable results which depend on this factor alone. 

In this respect, the gasometric method of Van Slyke (3) is definitely 
superior, because it is possible to choose a single set of analytical conditions 
which will yield recoveries varying not more than 2 to 3 per cent from the 
theoretical with all of the tested amino acids except proline, hydroxy- 
proline, and lysine. Average recoveries from mixtures of amino acids 
should then closely approximate complete recovery under these conditions. 

The design of the Van Slyke amino nitrogen apparatus as well as that 
of the manometric apparatus of Van Slyke and Neill (4), which may also 
be employed for amino nitrogen determination, is clearly not suitable for 
use with gas volumes of 1 or a few microliters. For this purpose a simple 
apparatus was devised and used to determine amounts of amino nitrogen 
as small as 0.5 y. It could be shown that the precision and recovery with 
this apparatus were essentially the same as with the common larger scale 
method. This is a matter of additional interest because it represents the 
first gasometric apparatus so far designed for application to this very small 
scale of analysis. 

EXPERIMENTAL 


Apparatus—The apparatus is shown in Fig. 1. It consisted essentially 
of a reaction chamber RC of about 5 ml. capacity, connected with a cali- 


* Aided by grants from the Rockefeller Foundation and the Research Board of the 
University of California. 
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brated measuring capillary C, filling funnels R, and R:, connected through 
the 2-way stop-cock S:, and a mercury leveling bulb L connected to the 
reaction chamber through the stop-cock S;. The measuring capillary ( 
which was closed with a third stop-cock S; was of 1 mm. bore through its 
lower half and of 0.5 mm. bore through its upper half; it was about 20 em, 
in length over the calibrated portion. Stop-cock S. was a 1 mm. bore 2- 
way type with 1 mm. bore side arms. The large funnel 2, had a capacity 
of slightly more than 5 ml., R2 about 0.5 ml. The entire apparatus was 


mounted on a wooden back which was suspended freely from a pivot P 


 P 
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Fic. 1. Apparatus for nitrogen determination 


to allow shaking and which could be removed and laid flat when desired. 
Shaking could be performed by hand or the mounting so arranged as to 
make use of a small motor. 

Reagents— Although claims have been advanced for improved types of 
reagents (5), those of the original Van Slyke method were found to yield 
excellent results. They were as follows: (a) sodium nitrite, 800 gm. per 
liter: (b) glacial acetic acid; (c) alkaline permanganate solution, consisting 
of 10 per cent sodium hydroxide solution saturated with potassium per- 


manganate. 
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Procedure—The capillary C was filled with water and the stop-cock S; 
closed. ‘The stop-cock S: was opened to connect the reaction chamber with 
the small filling funnel, A: The leveling bulb was raised until mercury 
just entered A, and the stop-cock was closed. About 0.15 ml. of sodium 
nitrite solution was placed in R; and the leveling bulb L was lowered until 
most but not all of the nitrite was drawn into the reaction chamber. About 
0.07 ml. of glacial acetic acid was then placed in R, and L again lowered 
until most of it had been drawn into the reaction chamber. The remaining 
acid was rinsed into the reaction chamber with about 0.4 ml. of distilled 
water which had been saturated with carbon dioxide by passing the gas 
through it for 10 to 15 minutes. This had the effect of lowering the blank 
by expelling dissolved air and aiding in removal of air subsequently from 
the acid nitrite reagent. After S. had been closed and the leveling bulb 
lowered, the reagent was allowed to evolve gas for 15 seconds, the gas 
being then expelled through R, after the leveling bulb was raised. This 
operation was repeated once more to rid the solution of air. 

The sample, containing from 0.5 y to 20 y of amino nitrogen, was meas- 
ured as previously described (2) into the filling funnel R2, with a capillary 
pipette. Care was taken to prevent trapping of any air bubbles while the 
sample was introduced and the pipette rinsed. The leveling bulb was low- 
ered and the sample introduced into the reaction chamber without admit- 
ting any air. Thefunnel and stop-cock were rinsed free of sample by sev- 
eral additions of about 75 microliters of carbon dioxide-saturated, distilled 
water, each portion being carefully drawn into the reaction chamber with- 
out admitting air. 

The apparatus was shaken by hand or by motor at an even, unhurried 
rate for 5 minutes. The presence of mercury in the chamber facilitated 
the agitation, thus avoiding the violent shaking usually employed. At the 
end of the reaction time the mercury was lowered just below the stop-cock 
S, which was closed off. 

Slightly more than 5 ml. of the alkaline permanganate reagent was then 
placed in the funnel A, care being taken that no air was trapped in the 
capillary. The stop-cock S; was then turned to connect this funnel with 
the reaction chamber, allowing the permanganate to be sucked into the 
chamber until most of the gas was absorbed. The apparatus was then 
dismounted and shaken in a horizontal position for 4 to 5 minutes to com- 
plete the absorption of the excess trots oxide and carbon dioxide. The 
pressure of the gas in the reaction chamber was then made atmospheric 
by opening S, for a few seconds to connect with R, which still contained 
a little permanganate. The apparatus was rotated to trap the remaining 
nitrogen bubble at the opening of the measuring capillary C. By raising 
the leveling bulb and opening S;, the bubble was forced into the capillary. 
The apparatus was then laid in a horizontal position and S; opened to the 
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atmosphere. The volume of the gas in capillary C could then be read in 
terms of a previous calibration. If the volume was relatively large, it was 
read in the 1 mm. bore portion of C. If it was quite small, it was forced 
further along the capillary into the 0.5 mm. section where it could be es- 
timated with about 4 times the precision of the larger tube. The tempera- 
ture and pressure were noted and the volume of nitrogen under standard 
conditions calculated. 

In all cases a blank was determined on a volume of water equal to that 
of the sample, all other operations being performed in exactly the same 


PaBLeE | 
(nalysis of Amino Acid Solutions 
Ny 
‘ ot | Nitroge . Standard error 
ber cas per 
cent 
(;lvcine 10.88 6 11.02 + (). 43 101.3 0.218 2.0 
3.38 5 3.26 + ().09 97.9 0.062 1.9 
2? 03 5 2.02 + 0.04 99.4 0.024 . a 
0.532 4 0.556 + 0.032) 104.6 0.014 2.6 
Valine 10.15 7 10.10 + 0.05 99.5 0.020 | 0.2 
Leucine 11.33 7 11.08 + 0.31 OS. | 0.135 1.3 
Glutamic acid 11.07 5 11.5] t 0.45 104.0 0). 227 2.0 
Arginine 10.59 4 10 56 + ().18 O98 0 O81 O88 
10.34 5 10.36 + () DO 100.2 0.114 1.1 
Histidine (free base 11.28 6 1.32 + 0.10 100.3 0.052 | 0.5 
monohydrochloride 13.30 5 12.79 0.53 96.0 | 0.289 | 2.2 
lryptophane 12.10 S 12.28 + 0.24 101.5 0.102 | 0.8 
Tyrosine 11.86 5 11.85 + 0.14 99.9 0.076 | 0.6 
* Mean plus-minus mean deviation from the true value 

t Caleulated from the formula s.1 Vz ad? 1) where d deviation from 

the true value and n the number of determinations 
manner as in the analysis. This was applied as a correction to the volume 


of nitrogen noted in the determination When a new lot of carbon dioxide- 
saturated water was used, it was found necessary to redetermine a blank, 
owing to slight diffe rences 1n the resiaual vas of different lots 

The apparatus was cleaned by closing S; and attaching a vacuum line 
with an inserted trap to the capillary at S;. With the vacuum on, the 
apparatus was rinsed with enough oxalic acid solution to remove all man- 
ganese dioxide, and then with distilled water. Unusually large amounts 
of manganese dioxide could be removed by applying suction to R, and then 


rinsing as described 








lat 


me 


m 





SANDKUHLE, KIRK, AND CUNNINGHAM 131 


Results 


Since the experimental conditions of this analytical procedure are not 
identical with those of the original method (3), it was thought desirable to 
adjust the time of shaking until essentially the same recoveries were ob- 
tained as in the original method, rather than to adopt an arbitrary shaking 


‘ 


time and recalculate standard tables. The time chosen, viz. 5 minutes, was 


found to vield results which were close to those of the original method, and, 


TABLE II 
Gra etric De lermination of L sSiree VW onohydrochlorid 
No. of 
I : letermina Nit ind* A “5 Standard errort 
} ¢ ‘ . re¢ very 

. Y per cent Y per cent 
6 5 10.48 g 7.6 0.08 75.9 0.037 0.46 
37 5 10.48 6 9.26 + 0.11 88.3 0.057 0.62 
% 5 24.42 | 17.59 + 0.06 72.0 0.032 0.18 
2% 6 94.42 i 18.06 + 0.08 73.9 0.056 0.31 
% 7 24.42 ! 18.55 + 0.20 75.9 0.134 0.72 
* Mean plus-minus mean deviation from the mean. 
+ Calculated as in Table I, except that the deviation from the mean was used 


rather than the deviation from the correct value 


rase II 


Con pe son of Rec wery Ww th That of Van SI ke 8) 
Amino a Mean recovery Van Slyke’s recovery 
per cent per cent 
Gly ine 101.3 103 
Valine 99.5 100.0 
Leucine 98.1 100.3 
Gluta ( i 104.0 LOL.O 
Arginitr 100.0 100 
[yrosine 99.9 102 
His ‘ mohydrochloride 96.0 98.5 
Lvsir 75 Ca 85.2 


in addition, constituted a convenient time interval. 


ly Sint . 


shown in Table I. 


about 96 to 104 per cent with samples of 2 4 
variation was found with smaller samples, as was to be expected. 
of the common amino acids yielded recoveries of 100 


Except in the case of 


the recoveries were quite satisfactory with this time of shaking, as 


With this single exception the recoveries ranged from 


or abov Cc. 


Somewhat more 
Most 
2 per cent. 


In the hope of finding conditions under which the recovery of amino 
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nitrogen of lysine would be more nearly quantitative, the time of shaking 
and the temperature were varied. The recovery was improved somewhat 
but not markedly when the shaking time was longer than 5 minutes. The 
effect of raising the temperature from 26° to 37° was considerably more 
noticeable, increasing the average recovery from 75.9 to 88.3 per cent, a 
figure which is still below theoretical. The data are shown in Table II. 

In Table III is shown a comparison of the recovery values of this proce- 
dure compared with those listed by Van Slyke. Again it is apparent that 
these minute amounts of amino nitrogen can be analyzed gasometrically 
with almost the same accuracy as larger amounts determined according 
to the same chemical principle. The precision and number of data are not 
sufficient to give this comparison a conclusive significance. Thus the lower 
results with glycine are probably to be explained as due to incomplete re- 
covery rather than to superiority of the procedure. 

The method was tested on protein hydrolysates and found to be appli- 
cable with about the same precision as is indicated with pure amino acid 
solutions. Since the absolute quantities of nitrogen were unknown in these 
instances, no evaluation of the accuracy or completeness of recovery is 


possible and the data are omitted. 


SUMMARY 


A modification of the Van Slyke gasometric method for determination 
of microgram quantities of amino nitrogen is described. It was found 
possible to determine as little as 0.5 y of nitrogen, and with quantities 
of 2 y or larger to obtain a precision and accuracy which were closely 
comparable to the macro and micro gasometric procedures. 

The apparatus is somewhat simpler than the conventional type and its 
manipulation not much more difficult, though some additional precautions 
are necessary. 
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THE NATURE OF THE PROTEINS OF CELLULAR NUCLEI 
By DENNIS T. MAYER* ann ADDISON GULICK 
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Despite the importance of the nucleus in the functional life of the cell, 
investigations of the chemistry of nuclei, especially of nuclear proteins, are 
comparatively rare. A large part of our present knowledge of nucleopro- 
teins (7.e., protamine nucleate and histone nucleate) has been derived from 
early investigations upon the spermatozoa of fishes (1-4). Other than 
spermatozoa, the only cells investigated have been avian red blood cells (5) 
and human pus cells (6) and these investigations were made before the 
more precise methods for the isolation and analysis of proteins were avail- 
able. 

Methods for obtaining cell nuclei from other tissues in sufficient quanti- 
ties and adequately pure for subsequent analyses have not been developed 
until recent years, when two were described, one by Behrens (7), the other 
by Stoneburg (8). Although the latter method is the simpler of the two, 
the Behrens method requires no reagents save inert organic solvents, which 
remove lipids but leave the proteins with minimum alteration, until after 
the nuclei are separated from other protein-containing portions of the cell. 

Whether proteins other than the histones and the protamines are com- 
bined with nucleic acid in mammalian cellular nuclei is not known. Fur- 
ther, no information has been available on the nature of the proteins pre- 
sumably present in the nuclei other than those linked with nucleic acid. 

The present investigation is an attempt to ascertain what proteins are 
found in cellular nuclei in addition to the previously known histones and 


protamines. 
EXPERIMENTAL 


Preparation of Cytoplasmic-Free Material—Behrens (7) applied his 
method for the isolation of cell nuclei to calf heart muscle. The greater 
connective tissue and lipid content of calf thymus tissue, the high nuclear 
content of which made it suitable for our investigation, compelled us to 
make several modifications in the original heart muscle technique. At the 
date when our investigation was started, Behrens had not published his 
adaptation of his method to the thymus (9). 

In the Behrens technique, there are three principal operations: freezing 


* Material from a thesis submitted in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in the Graduate School, University of Missouri. 
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the tissue and drying it in vacuo while in the frozen state, grinding the dried 
material to a suitable fineness, then separating the nuclei from other cell 


constituents in an inert liquid of intermediate specific gravity. The thymus 
glands were secured from calves within 15 minutes after slaughter. As 


soon as fatty material could be removed, the glands were cut into small 
pieces and frozen in a mixture of pulverized solid carbon dioxide and ether in 
a large evaporating dish. The brittle frozen material was broken into small 
particles in a large mortar, transferred to a cheese-cloth bag, and suspended, 
without being thawed, in a desiccator charged with approximately | liter of 
sulfuric acid. The desiccator was placed in a specially prepared insulated 
container, packed with a calcium chloride-ice mixture, and evacuated. The 
ice-salt mixture was maintained at a temperature of —7°to —12°. Replace- 
ment of the sulfuric acid and evacuation of the desiccator were performed at 
regular intervals. 5 to 8 days were required to dry the tissu completely 
under the above conditions. The dried tissue was then extracted in a 
Soxhlet apparatus with ether to remove the lipids and ground until it 
passed a 100 mesh sieve (sieve opening, 0.15 mm 

To obtain the nuclear material, the powdered gland was first freed from 
connective tissue by sedimenting the heavier cellular fractions several times 
from pure benzene and discarding the benzene which contained the con- 
nective tissue. The remaining cellular powder practically free from con- 
nective tissue was centrifuged out of progressively heavier mixtures of 
carbon tetrachloride with benzene, the cake of material with higher specific 
gravity being left each time at the bottom of the centrifuge tubs When 
the proportion of the tetrachloride had been increased until the heaviest 
fraction of the powder would no longer settle, benzene was then added until 
the heavier nuclear fraction of the powder began to settle under centrifuga- 
tion. We found that at this final separation the specific gravity of the 
suspension liquid stood between 1.345 and 1.350 at 28 

\pproximate 175 gm. ol thy mus gland were used in each se paration and 
vielded from 12 to 15 per cent of a cytoplasm-free nuclear powder when 
calculated upon the basis of the dry weight of the original tissue. 

[dentification if Separated Fraction—The material separated was dis- 
tinetive in appearance Whereas the whole gland powder was nearly white 
in color and of a fine fluffy texture, the heavier, separated, nuclear fraction 


was buff-colored and granulat 


Behrens based the proof for the freedom of his preparation from other cell 


constituents primarily upon a glacial acetic acid color reaction. Nuclei, 

but not cytoplasmic material, turn a dark red color when heated with the 

reagent. Behrens considers the reaction specific IO! thymonucleic acid. 
’ 


When the whole gland powder Was examined microscopically aiter ap- 
plication of this test, dark red particles scattered throughout a colorless 
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background material were observed. On the other hand, the nuclear prep- 
aration similarly treated was completely colored, with no uncolored particles 
apparent. 

The basie nuclear stains (basic fuchsin, hematoxylin, methyl green, and 
acetocarmine) also indicated the absence of any except strongly stained 
material. 

A test for free desoxy sugars (10) was negative, indicating that the 
nucleic acids were not decomposed by this method. 

The final indication that our preparation consisted of nuclei without 
appreciable contamination was based upon the total nitrogen and phos- 
phorus analyses. Table I shows that nuclear fractions of total nitrogen 
and phosphorus content which were consistently constant within the limits 


TABLE | 
inalyses of Thymus Nuclei and Calf Heart Nucl 


Total nitrogen Phosphorus 

per cent per cent 

Mixed cytoplas! material, some nuclei 12.60 2.15 
12.90 1.92 

iV e gland } ler, dry and fat-fre« 14.57 2.26 
14.62 2.32 

Phy nuclei free from other cell con 14.48 2.62 
ents 14.47 2.63 
14.46 2.56 

14.45 2.58 

14.44 2.55 

Heart muscle nuclei, Behrens (7 14.24 2.47 
14.48 2.52 

14.20 2.54 


of experimental error were vielded by the method of separation, the figures 
agreeing furthermore with the analyses of beef heart nuclei reported by 
Behrens 

S paration of Vucler anto Ff actions Two distinct fractions of nuclei, the 
nucleic acid and the accompanying histones or protamines, have been 
recognized for many years. The contrast between the isoelectric points of 


these two fractions (2) su 


ggested the propriety of an isoelectric precipita- 
tion study of the nuclear substance. 

Small samples of the separated nuclear preparation were dissolved in 3 
per cent NaOH solution, then used for the subsequent isoelectric precipita- 
tion studies 


Three methods for the isolation of the histone were investigated: (1) 
isoelectric pre Cl} itation by acetic acid out of the alkaline nuclear solution; 
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(2) when HCl or H.SO, was used to precipitate the other nuclear fractions 
at their isoelectric points, the histones remained in solution and could be re- 
covered afterwards from the filtrate by precipitation with 70 per cent al- 
cohol; (3) a method based on the solubility of histone in 0.81 per cent HC] 
(11) and its subsequent precipitation by 70 per cent alcohol in the presence 
of ammonium chloride. 

The third method! proved superior to the other two. By it approxi- 
mately 34 per cent of the original nuclear material was found to be histone. 
The histone nitrogen was 35.75 to 36.25 per cent of the total nitrogen of the 
thymus nuclei. 

Nucleic Acid—Attempts were made to recover the nucleic acid quanti- 
tatively by isoelectric precipitation with H.SOQ, or HCl. We were never 
able to obtain quantities that even approached the amount calculated to be 
present on the basis of the phosphorus analyses. Dialysis experiments 
indicated definitely that the nucleic acid had been markedly changed during 
the isolation procedures. The water, inside and outside the collodion 
dialysis bag, contained a soluble phosphorus compound even after complete 
precipitation had occurred. Soluble nitrogen compounds were also dis- 
covered in the clear solution within the dialysis bag, but no nitrogen was 
detectable outside the bag. 

Since the recovery of the nucleic acid was not quantitatively successful, 
we calculated the amount present in the thymus nuclei on the basis of their 
phosphorus analyses. Then using 13.32 per cent (Steudel’s (12)? and our 
own analyses of pure preparations of yeast nucleic acid) as the nitrogen con- 
tent of nucleic acid, we determined by calculation’ that the nucleic acid 
contained 31.8 per cent of the total nitrogen of thymus nuclei. 

New Protein Fraction Isolated (pH 5.8 to 6.15)—Nowhere in the literature 
has anyone cited the actual isolation of proteins from any type of nuclear 
tissue other than the basic histones and protamines whose isoelectric points 
are above pH 8. 

Consistently, even though the nuclear material was secured from different 
valf thymus glands, we always obtained a protein fraction which precipi- 
tated at pH 5.8 to 6.15; that is, at a point between the widely separated 
isoelectric points of the nucleic acid and histone fractions. The new frac- 
tion was histone-free and phosphorus analyses indicated the absence of 


1 Higher yields of uncontaminated histone were obtained by this method, as indi- 
cated by total nitrogen determination, freedom from phosphorus (nucleic acid), and 
freedom from other contaminants as shown by solubility tests (2). 

2 Steudel’s analyses of thymus nucleic acid and our analyses of pure yeast nucleic 
acid yielded 13.32 and 13.23 per cent for the nitrogen content and 7.60 and 7.61 per 
cent for the phosphorus content of these substances respectively. 

* Assuming that all the phosphorus in thymus nuclei represented nucleic acid 
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nucleic acid contamination. This fraction, representing approximately 20 
per cent of the nitrogen of the nuclei, was either a new protein or a mixture 
of several proteins previously unreported, or degradation products of pro- 
teins other than histones or protamines. 

The new protein fraction when first precipitated was white, but while 
being dried in vacuo darkened to a bluish gray color. The usual qualitative 
tests ruled out any but traces of iron, while contamination with other metals 
was excluded by the experimental procedure. Qualitative tests for sulfur 
were then made and the presence of large quantities of labile sulfur was in- 
dicated. 

Quantitative estimation of the sulfur showed that the thymus nuclei con- 
tained 0.450 to 0.455 per cent sulfur which was bound by a double bond to a 
carbon atom as indicated by the method of Grote (13). Additional experi- 


TaABLe II 


Isolation of Sulfur-Containing Protein 


Fraction pptd. at pH 5.8-6.15 Fraction extracted by 5 per cent NaClt 
ny 7 
Per cent nuclear — Sulfur (Stock Per cent Per cent total | 
material : Total * holm and S of nuclear | nuclear mate- Sulfur | pet pant ny 
by weight (| ~*~” —_ Koch (14))* material rial by weight | 
per cent per cent per cent } 
| 
19.19 14.11 0.599 23.1 8.78 1.31 25.7 
19. 26 14.00 0.604 23.4 8.78 1.35 25.9 
19.34 14.15 0.589 23.0 


* Based on fat- and moisture-free powder. 

+ Nitrogen analyses were planned, but the sulfur analyses of this fraction utilized 
all of the available material. The detailed procedure involved in the preparation of 
further fractions and other circumstances prevented completion of these analyses at 
this time. The coagulation temperature of the fraction was 92.5”. 


ments by Grote’s technique indicated the absence of glutathione and of the 
C—S—H linkage. 

Isolation of a Sulfur-Containing Protein Moiety by Two Different Methods 

The sulfur-containing protein fraction could be isolated by two funda- 
mentally different procedures, each of which yielded the fraction free from 
histone and nucleic acid. 

In the first procedure, 2 gm. samples of the nuclei were dissolved in 60 cc. 
of 3 per cent NaOH. After the solution had stood for 8 hours at 5°, a 
gelatinous mixture was produced which was heated in a water bath at 60 

70° for 2hours. Then 5 N H2SO, was added slowly until pH 5.5 to 6.0 was 
reached. After being cooled, the solution was centrifuged and the super- 
natant liquid saved. The latter contains the nucleic acid and the histone 
fractions. The precipitate was washed with a buffer solution (pH 6.0) and 
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redissolved in 10 to 15 ce. of 3 per cent NaOH solution. rhe solution of the 
protein fraction was then brought to pH 5.5 with 50 per cent acet ic acid and 
50 ec. of a saturated solution of zine acetate in formalin were added. The 
acetate-formalin solution applied to a protein-nucleic acid solution pre- 
cipitates the protein and retains the nucleic acid in solution Che resulting 
precipitate was separated by centrifugation, dried with acetone and ether, 
and then in a vacuum. 

In a se cond method, 2 to 3 gm. samples ol the thymus nuclei were e@X- 
tracted with 100 cc. of a 5 per cent NaCl solution in a water bath at 55-60° 
for 3 hours. The 5 per cent NaCl extract was filtered while hot and the 
residue thoroughly washed with warm 5 per cent NaCl solution. The fil- 
trate Was the n dial zed until free from chlorids Ss and t} e p ecipitate re- 
covered by centrifugation and dried as described in the first procedure 

lable II gives the comparative analvses of the fractions isolated by the 


two procedures. 


DISCUSSION 


The evidence cited indicated rather conclusively that the nuclear fraction 


of thymus gland tissue prepared by a modification of Behrens’ method (7) 


was essentially fi from other cell constituents. We therefore consider 
the substances isolated by us from this fraction to be those normallv found 
or products derived from those normally found in cell nuclei rather than 
residues or contaminations remaining from other fractions of the glandular 
TISSU 

Two yrroducts rote in nature were isolated fro the nuclei by two 


distinct methods, one by an isoelectric precipitation technique, the second 
1. i 


involving the solubility of one of the products in 5 per cent NaCl. The 5 


per cent NaCl-solubl component constituted but 8.9 p cent of the total 


nuclear fraction, whereas the fraction precipitated at pH 5.8 to 6.16 con- 
stituted approximately 19.2 per cent of the total nuclear fractior How- 
ever, In spite ol he y eat ditferenes De Tw en the vie Ids of the two products, 


both contained a proximal lv an equal fraction (23 to 25 per cent) ot the 


sulfur of the total nuclear material This would indicate that we are con- 
cerned with a mixture of proteins or their larger cleavage products rather 
than with a single substance, and that one of the components contains a 
high percent ge ol sulfun and is completel isolated b both methods, while 
the sulfur-poor or sulfur-free fractions are precipitated only by the iso- 


electric method 

We are unable at present to account fo} the location of t he re maining 75 
per cent of the sulfur in the nuclei. No investigator has suggested that 
nucleic acid contains sul In human pus nuclei and in bull spermatozoa, 


Miescher (6, 4) found sulfur compounds which may have been protein in 
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nature. The histone of the thymus gland contains sulfur when prepared 
according to the methods of two investigators (15, 16), while in three other 
preparations the investigators either found no sulfur or failed to test for it 

17-19). But so far as we are aware, the presence in thymus histone of any 
of the known sulfur-containing amino acids has not been reported. Pos- 
sibly then some protein other than histone is responsible for this residual 
sulfur. Or, it could be that the residual sulfur is not present in nitrogen- 
containing compounds and that our extracts represent practically all of the 
proteins that were present, since these three fractions contained approx- 
imately 90 per cent of the total nitrogen of the nuclear material. 

Since the literature of the chemistry of nuclei contains no account of sub- 
stances comparable to ours, no attempt at complete identification can be 
made until their individual amino acid constitution can be ascertained. 
However, the extensive experiments of Kato (20) upon the agglutination of 
mammalian spermatozoa might present a possible clue towards identifica- 
tion. Kato showed the presence of three pH values (isoelectric points), 
viz. 5.6 to 6.8, 2.8 to 3.0, and some value above pH 8.3, at which horse 
spermatozoa agglutinate suddenly. Kato attributed the agglutinations at 
the highest and lowest pH values to the presence of protamines and nucleic 
acid, respectively. 

Interestingly, the agglutinations which occurred at pH values of 5.6 to 
6.0 were attributed to the albumins and globulins, as these pH values co- 
incided with the zone of flocculation of these proteins as shown by Csonka, 
Murphy, and Jones (21). 

Nevertheless, Kato’s experiments upon mammalian spermatozoa showed 
the existence of three protein fractions precipitable at pH values correspond- 
ing to the pH ranges within which the three main fractions of thymus nuclei 
were precipitated, and indicated that our new sulfur-containing fraction, 
which is precipitated at intermediate pH values, might be classified as a 
substance, protein in nature, and possessing the solubility and isoelectric 
point of a globulin associated with another component not rich in sulfur 
and not possessing the characteristics of either albumin or globulin. 


SUMMARY 


1. A description has been presented of methods for the preparation of a 
dry fat-free powder from the thymus gland, which is practically free from all 
other cell constituents save nuclear material. 

2. The isolation of a new sulfur-containing fraction from the protein 
moiety of the nuclei of the thymus gland has been accomplished by two 
different methods. This fraction is precipitable isoelectrically at pH 5.8 to 
6.2 and is also soluble in 5 per cent salt solution. 

3. When precipitated isoelectrically, the sulfur-containing fraction is as- 
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sociated with other materials of protein nature not rich in sulfur. No fur- 
ther characterization has been made of this additional fraction. 
4. Evidence was found for the existence of sulfur in some other compound 


or compounds, not yet identified. 
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p-Aminobenzoic acid has elicited much interest recently because of (a) 
its antagonistic action toward the activity of sulfanilamide and related 
drugs, (b) its essential nature in the nutrition of several microorganisms, 
and (c) evidence of its vitamin activity in several species of higher animals 
(4). Assay methods for p-aminobenzoic acid that combine sensitivity 
and specificity have not yet been developed. Bratton and Marshall’s 
method (3) for diazotizable amines has been used to follow the isolation 
of p-aminobenzoic acid from yeast (2). A semiquantitative microbio- 
logical assay with the bacterium Clostridium acetobutylicum was devised 
by Rubbo et al. (8) for the same purpose. The distribution of naturally 
occurring sulfanilamide inhibitors has been studied (6). Such activity 
may prove to be correlated with the p-aminobenzoic acid content. 

While the work reported in this paper was in progress, Isbell (5) reported 
the growth factor activity of p-aminobenzoic acid for Lactobacillus ara- 
binosus 17-5. Unpublished results obtained by the present author are 
in agreement with those published by Isbell. Microbiological assay 
methods for riboflavin, pantothenic acid, nicotinic acid, and biotin, by 
means of various species of Lactobacilli, are attracting much interest 
because of their simplicity and rapidity. The fact that with these methods 
it is possible to use titratable acidity as a measure of growth factor re- 
sponse is of considerable practical importance. The possibility of using 
Lactobacillus arabinosus 17-5 for the microbiological assay of p-amino- 
benzoic acid was therefore investigated. 

EXPERIMENTAL 

Lactobacillus arabinosus 17-5 was used as a test organism for the assay 
method described in this paper for p-aminobenzoic acid. This bacterium 
is the same as that used by Snell and Wright (9) in their method for 
nicotinic acid assay. Cultural details and basal media for the p-amino- 
benzoic acid and nicotinic acid assays are similar in many respects. 

Basal Medium—The composition of the basal assay medium is given 
in Table I. The constituents of the medium are prepared as follows: 

Norit-Treated Acid-Hydrolyzed Casein—100 gm. of vitamin-free casein 

44] 
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(Labeo) are hydrolyzed under a reflux for 9 hours with 1000 ec. of 6 x 
hydrochloric acid (10). To remove most of the hydrochloric acid the 
mixture is then concentrated in vacuo to a thick syrup, dissolved in water, 
and reconcentrated. The syrup is diluted to 900 ec.., adjusted to pH 3.0 
with concentrated sodium hydroxide, and stirred for 30 minutes with 9 
gm. of norit A (Pfanstiehl). The activated carbon is removed by filtra- 
tion through a Whatman No. 3 filter paper, and the norit treatment and 
filtration repeated. The filtrate is adjusted to pH 6.8 with concentrated 
sodium hydroxide, and is diluted to 1000 ec. The hydroly zed casein is 
stored in the refrigerator. On standing, precipitation of tyrosine occurs, 
No difference in results has been noticed whether this precipitate is dis- 


carded or whether it is included in the basal medium. 


TABLE | 
C'an pos fion of Basal Ved im 


er cer p.p.m 

Glucose 1.0 Adenine 10 
Norit-treated acid-hydrolyzed casein 0.5 Guanine 10 
l-Cystine 0.01 Uraeil 10 
l-Tryptophane 0.01 Thiamine 0.1 
Sodium acetate 0.6 Riboflavin 0.2 
Potassium monohydrogen phosphate tri Pantothenic acid 0.1 

hydrate 0.05 Nicotinic acid 0.4 
Potassium dihydrogen phosphate 0.05 Pyridoxine 0.1 
Magnesium sulfate heptahydrate 0.02 Biotin 0.0004 
Sodium chloride 0.001 
Ferrous sulfate heptahvdrate 0.001 
Manganese sulfate tetrahvdrate 0.001 


l-Cystine—1 gm. of l-cystine is suspended in a small volume of water, 
2 ec. of hydrochloric acid are added to dissolve the cystine, and the solu- 
tion is diluted to 1 lite 

Adenine, Guanine, and Uvracil—A solution containing 1 mg. per cc. of 
each of these chemicals is convenient. 100 mg. of uracil, 124 mg. of gua- 
nine hydrochloride, and 174 mg. of adenine sulfate are suspended in a small 
volume of water, 2 ec. of hydrochloric acid are added, and the mixture 
heated to solution and then diluted to 100 ee. 

Vitamin Supplement—A solution containing | mg. of thiamine, 2 mg. of 
riboflavin, 1 mg. of pantothenic acid, 4 mg. of nicotinic acid, 1 mg. of 
pyridoxine, and 4 y of biotin per 100 ce. is prepared. Pure, synthetic 
vitamins are used in all cases except that of biotin Here crystalline 
biotin (S. M. A. Corporation) is used. The solution is stored in the 
refrigerator and is renewed monthly. This is conveniently done by diluting 
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more concentrated solutions of the individual vitamins, which are stable 
for longer periods. Exposure of the riboflavin to light should be minimized. 

Inorganic Salts—These are supplied in two solutions. Solution A 
contains 25 gm. each of potassium monohydrogen phosphate trihydrate 
and potassium dihydrogen phosphate per 250 ec. Solution B contains 
10 gm. of magnesium sulfate heptahydrate and 0.5 gm. each of sodium 
chloride, ferrous sulfate heptahydrate, and manganese sulfate tetrahydrate 
per 250 ce. A few drops of concentrated hydrochloric acid added to 
Solution B prevent precipitation. 

Glucose—Several lots of c.p. anhydrous glucose have proved quite satis- 
factory so far as p-aminobenzoic acid blanks are concerned. 

Stock solutions, with the exception of the inorganic salt solutions, are 
stored in the refrigerator. The author has experienced nodifficulty with 
bacteriological contamination, but if this occurs, toluene or a mixture of 
toluene and chloroform may presumably be used, as they have been 
successfully used in other Lactobacillus methods. 


Proce dure 


The basal medium is mixed immediately prior to use. To prepare, for 
example, 1 liter of solution (enough for 200 tubes or twenty assays), 20 
gm. of glucose, 12 gm. of sodium acetate, and 200 mg. of l-tryptophane’ 
are weighed dry and dissolved in the proper amount of water (640 cc.). 
Then 200 ec. of l-eystine solution, 100 ec. of hydrolyzed casein, 20 cc. of 
the adenine-guanine-uracil mixture, 20 ec. of the vitamin supplement, 
and 10 ec. each of inorganic Solutions A and B are added. The medium 
is mixed and adjusted to pH 6.8 with sodium hydroxide. 

5 ec. aliquots of the basal medium are dispensed, preferably with an 
automatic pipette, into Pyrex test-tubes (16 X 150 mm.). These should 
be fairly uniform in diameter and should preferably be rimless. They 
may be conveniently handled in wire racks that can be autoclaved. 

Appropriate aliquots of the standard p-aminobenzoic acid solution 
and the solutions or suspensions to be assayed are next added and the 
total volume in each tube made to 10 cc. with distilled water. The tubes 
are plugged with cotton and autoclaved at 15 pounds of steam pressure 
for 10 to 15 minutes. The time of autoclaving should be held to a mini- 
mum to limit the formation of inhibiting products of unknown nature. 

The tubes are cooled, inoculated, and incubated as described later. 
After incubation the acid produced is titrated with 0.1 N sodium hydroxide. 
srom-thymol blue (1 drop of 0.4 per cent solution) is satisfactory as an 
indicator. If the number of tubes is large, or titration must be inter- 
rupted or postponed, growth and acid production are stopped by auto- 


claving the tubes. 
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The sensitivity of the method necessitates rigid precautions against 
chemical contamination. Substantial blanks from glassware as ordinarily 
washed with soap and water have been observed. All equipment with 
which the basal medium or diluted samples, etc., come in contact should 
be thoroughly cleaned with an acid cleaning mixture and carefully rinsed, 
No difficulties with toxicities arising from the use of a dichromate cleaning 
solution have been noted with this organism. 

The Microorganism The stock culture of Lactobacillus arabinosus 
17-5' is carried in yeast extract-glucose-agar stab cultures. Transfers 
are made monthly, incubated at 30° for 24 hours, then stored in the 
refrigerator. 

For subculturing the organism for inoculum, the basal medium diluted 
with an equal volume of water to which 1 millimicrogram of p-aminoben- 
zoic acid per 10 cc. has been added is dispensed into centrifuge tubes, 
These are plugged with cotton and sterilized, and if covered with Para- 
film may be kept at room temperature for several weeks. 

The organism is incubated in this subculturing medium for 24 hours 
at 30°. The cells are centrifuged and resuspended in the original volume 
of sterile 0.9 per cent sodium chloride solution. ‘The assay tubes are 
inoculated from this suspension. This may be done most conveniently 
by using a sterile 5 cc. syringe with a 22 gage hypodermic needle. 1 drop, 
equivalent to approximately 0.04 cc., is used per tube. Bacteriological 
contamination must be avoided by the use of rigidly aseytic technique. 
The assay tubes are incubated at 30° for 3 days. 

Standard Curve—The assay range is approximately 0.15 to 0.5 milli- 
microgram of p-aminobenzoic acid per tube. A standard solution con- 
taining 10 y per cc. of p-aminobenzoic acid is diluted to contain 0.10 
millimicrogram per ce. This standard is dispensed in 0, 1, 1.5, 2, 2.5, 3, 
3.5, 4, 4.5, and 5 ec. aliquots. Two or more replicates are used at each 
level. A standard curve (Fig. 1) is based on titrations of the acid produced 
in these tubes. 

Aliquots of the material to be assayed are chosen to give titrations 
falling on the sharply ascending portion of the standard curve. If the 
approximate p-aminobenzoic acid content is unknown, it must be deter- 
mined by serial dilutions in a preliminary assay. It is desirable to have 
two or more tubes at each of three aliquot levels represented on the usable 
portion of the standard curve. The values for the different levels are 
averaged to give the final assay result. 

Assay values calculated from the different levels should agree closely. 
Any trend of assay values which indicates a variation with size of aliquot 

1 No. 8014, American Type Culture Collection, Georgetown University Medical 
School, Washington, D. C. 
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is evidence of the presence of interfering factors, and materials giving such 
trends will require special investigation. Such trends have rarely been 
observed with this method. 

Preparation of Samples for Assay—The method has been applied thus 
far to water-soluble materials, to water-soluble extracts of natural prod- 
ucts, and to yeast suspensions. In some cases the effect of alkaline 
hydrolysis under steam pressure has been studied, and in many of these 
eases increased p-aminobenzoic acid assays were found. The conditions 
necessary completely to liberate inactive p-aminobenzoic acid without 
destruction have not been worked out. The samples should be adjusted 
to approximate neutrality unless this precaution is rendered unnecessary 
by high dilution. 
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Fic. 1. Response of Lactobacillus arabinosus to added p-aminobenzoic acid 


Preliminary tests of the inactivation of dilute p-aminobenzoic acid 
solutions on autoclaving in the presence of acidic and alkaline conditions 
have been made. A solution containing 20 millimicrograms of p-amino- 
benzoic acid per cc. in distilled water or in 0.1 N sodium hydroxide was not 
affected by 30 minutes of autoclaving at 10 pounds of steam pressure. 
Under the same conditions 1 n sodium hydroxide gave approximately 10 
per cent inactivation, while 10 N sodium hydroxide gave only 50 per cent 
inactivation. Sulfuric acid in concentrations from 0.1 to 10 N gave 
approximately 30 per cent inactivation. Hydrochloric acid gave similar 
results. Increased times of autoclaving were relatively more detrimental 
under acidic than under alkaline conditions. A more concentrated 
solution containing 1 y of p-aminobenzoic acid per cc. was inactivated at 
approximately the same rate as the solution containing 20 millimicro- 








L+6 ASSAY OF p-AMINOBENZOIC 


grams of p-aminobenzoic acid per cc. under acidic 
alkaline conditions the more concentrated solutior 
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Specificity of Method—The structural simplicity of p-aminobenzoic 
acid arouses considerable interest in the question of the activity of related 
compounds. Samples of the ortho and meta isomers were found to have 
0.00005 and 0.009 per cent, respectively, of the growth-stimulating ac- 
tivity of p-aminobenzoic acid. Similar or smaller activities have been 
found for such other compounds as have been investigated. These 
activities may be tentatively explained as due to p-aminobenzoic acid 
impurities in the compounds. Proof that the activity is not inherent in 
these compounds themselves will, however, await purification experiments. 
The study of specificity is being continued, and the results will be presented 
elsewhere. It is not unlikely that certain related compounds will be 


TaBLeE III 


Recovery of p-Aminobenzoic Acid 





mple be : c cid benzote acid .f mt Recovery 
. content of added to ‘ ’ ’ 
sample sample ir — 
y per gm Y per gm Y ber gm y per gm per cent 
Yeast extract (Difco 157 240 397 $12 104 
157 160 317 316 100 
Snent J'orula veast culture 0.162 0.150 0.312 0.352 113 
medium 0.162 0.200 0.362 0.348 96 
Dried whole egg (commercial 0.247 0.240 0.487 0.528 108 
0). 247 0.240 0.487 0.516 106 
Biotin concentrate (S. M.A. Cor 0.184 0.160 0.344 0.344 100 
ition, No. 200 0.184 0.150 0.334 0.313 Q4 
St | | lution mino 1.000 1.000 0.992 99 
benzoic acid 1.000 1.000 0.982 OS 
1.000 1.000 0.979 Q8 
1.000 1.000 1.037 104 
found to possess Pp aminobenzoic acid activ ity. Thus Rubbo and col- 


leagues (8) found that the sodium salt, the ethyl ester, and p-amino- 
benzaldehyde possess activity for Clostridium acetobutylicum approxi- 
mately equal to that of p-aminobenzoic acid. They also found that the 
benzoyl derivative, the diethylaminomethyl ester, and p-nitrobenzoic 
acid have approximately one-tenth the activity of p-aminobenzoic acid. 
Of particular interest is the further observation by Rubbo and colleagues 
that p-aminophenylacetie acid has approximately 10 times the activity 
of p-aminobenzoic acid for Clostridium acetobutylicum. 

p-Aminobenzoic Acid Content of Biological Materials—p-Aminobenzoic 
acid contents of miscellaneous biological materials are presented in Table 


IV. The limited data presented indicate the occurrence of appreciable 
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TaBLe IV 


p-Aminobenzoic Acid Contents of Biological Materials 


Sodium 
Semple Water extract hydroxide- 
: or suspension _ treated extract 


or suspension* 


p.p.m. p.p.m. 
Dried brewers’ yeast (No. | ‘ 61 59 
“ " . ~ g 11.0 14.6 
By st -. fo ae 6.6 9.3 
** autolyzed yeast (Difco 7.4 12.0 
Autolyzed Torula yeast (fresh basis) 1.74 2.04 
Spent Torula culture medium (fresh basis 0.162 0.235 
Yeast extract (Difco 157 156 
Galen ‘‘B”’ (rice bran concentrate 2.00 16.2 
Dried whole egg (commercial, No. 1 0.247 0.30 
” 7 7 sis 7 2) 0.195 0.238 
_ he “s Difco 0.36 
* egg yolk ™ 0.80 
" ‘* albumin (Difco) 0.055 
Asparagus juice concentrate (dry basis 1.15 2.00 
Dried carrots 0.178 0.43 
‘* cabbage 9.7 13.9 
Rice polish concentrate (Labco 2.95 9.2 
Malt extract (Difco) 0.74 2.20 
Skim milk (No. 1, fresh 0.0040 
" “« ( $1, slightly sou 0.011 
" = ¢™ 31.00 0.019 
6 = ¢= | ie 0.0046 0.0043 
si = ¢ #3 set 0.0075 0.0098 
Whole blood (ox 0.0004 
Beef extract (Difco) 0.073 0.157 
Peptone (Difco 0.188 0.204 
Neopeptone (Difco) 0.11 
Proteose-peptone (Difco 0.37 
Protone (Difco) 0.06 
Tryptone ‘ 0.43 
Gelatin = 0.013 
Nucleic acid (Eastman) 0.40 0.64 
Urine (human, No. 1) 0.0135 0.35 
sa . = 3 0.021 0.49 
y per y biotin yy per > biotin 
Biotin concentrate (S. M. A. Corporation, No. 200 0.0092 0.125 
- - ( - si ** 1000 0.0154 
= pe ( - ” ** 5000) 0.0132 


* Sample in 1 n sodium hydroxide autoclaved 30 minutes at 13.5 pounds of steam 
pressure, then cooled, neutralized, and diluted for assay. 
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amounts of inactive p-aminobenzoic acid in certain biological materials, 
which may be activated by alkaline hydrolysis. The proportion of 
inactive to total p-aminobenzoic acid may be as high as 96 per cent in 
the case of urine. These results are of interest in view of the observation 
(6) that a sulfanilamide inhibitor frequently occurs naturally in an inactive 
form that may be released by hydrolysis or autolysis. 

Values for p-aminobenzoic acid in biological materials are seldom found 
in the literature. Rubbo and colleagues (8) isolated as the benzoyl 
derivative 0.17 part per million of p-aminobenzoic acid from moist brewers’ 
yeast. Blanchard (2) isolated as the acetyl derivative 2.7 p.p.m. of 
p-aminobenzoic acid from fresh, plasmolyzed, pressed bakers’ yeast. 
This was 57 per cent of the total diazotizable amines present calculated as 
p-aminobenzoic acid. When the yeast was permitted to autolyze, these 
values were increased approximately 70 per cent. These values are of 
the same order as those presented by the author in Table IV. 

Standard Curve—The standard curve obtained with this method is 
sigmoid in form. ‘This type of curve is not generally found in the other 
Lactobacillus methods, although on rare occasions the author has observed 
slight tendencies in this direction in the Lactobacillus casei « method for 
pantothenic acid of Pennington et al. (7). The “pantothenic acid-less”’ 
mutant of Neurospora crassa (No. 5531) of Beadle and Tatum (1), when 
used in the tube growth method (on agar) or when grown on a liquid 
medium in the presence of graded additions of pantothenic acid, has been 
observed (unpublished data of the author) to exhibit an exaggerated form 
of this phenomenon. The cause of this type of response is not apparent 
but may, perhaps, be due to action of some constituent in the medium 
in combining or reacting with a portion of the growth factor under con- 
sideration, rendering it unavailable to the organism. 

Some effort was devoted to a search for factors affecting the form of the 
standard curve for p-aminobenzoic acid. It was unaffected by alterations 
in the manner of preparation of inoculum or rate of inoculation, by the 
addition to the basal medium of levels of o-aminobenzoic acid, sulfanilic 
acid, or aniline, which were large in comparison with effective levels of 
p-aminobenzoic acid, or by sundry changes in the medium. The form 
of the curve varied somewhat with different lots of hydrolyzed casein. 
The lag phase of the curve was substantially lengthened by the addition 
of suitable concentrations of sulfanilamide (0.01 to 0.1 p.p.m.) without 
markedly decreasing the slope of the ascending portion of the curve. 

Whatever the cause of this lag in the response of acid production to added 
p-aminobenzoic acid, it apparently does not deleteriously affect the 
accuracy of the method. This is demonstrated by the reproducibility of 
assay results. In point of fact the form of the curve is such as to com- 
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pensate for the somewhat greater variability between replicate assay 
tubes found with this method. 

Availability of p Am rhe he nzZ0u Acid lh Biological Mat rials Che ques 
tions of preparation of materials for assay and occurrence of p-aminoben- 
zoic acid in active and inactive, extractable, and combined forms have 
been touched but lightly. Undoubtedly each class of material to be 
assayed should be thoroughly investigated with regard to these points 
before analytical data are interpreted as representing total p-amino- 


benzoic acid contents. 


SUMMARY 


A rapid and accurate microbiological assay method for p-aminobenzoie 
acid has been developed. It is based on the growth factor activity of 
p-aminobenzoic acid for Lactobacillus arabinosus 17-5. Its reliability is 
indicated by reproducibility of assays, by agreement of assay values ob- 
tained with varving levels of added sample, and by recoveries of p-amino- 
benzoic acid added to various samples. The method is very sensitive, 
the assay range being 0.15 to 0.5 millimicrogram of p-aminobenzoic acid, 
Assay values for a number of biological materials are included. The 
occurrence of biologically inactive forms of p-aminobenzoic acid is indi- 
cated These are activated bv alkaline hvdrolvysis 
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FERRITIN* 
I. PHYSICAL AND CHEMICAL PROPERTIES OF HORSE SPLEEN 
FERRITIN 
By S. GRANICK 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, September 21, 1942) 


In 1937 Laufberger (1) isolated a crystallizable protein from horse spleen 
which contained over 20 per cent by dry weight of iron. The protein erys- 
tallized out readily as a cadmium salt and was stable between pH 4 and 10. 
Kuhn, Sérensen, and Birkofer (2) confirmed these findings, and from their 
experiments concluded that ferritin consisted of 54.5 per cent protein, 12.1 
per cent nucleic acid, and 35 per cent Fe***OOH. The protein nature of 
the compound was corroborated by the analyses of amino acids after 
hydrolysis. Since there is an iron atom for almost every peptide group, 
they postulated that each iron atom was attached to each CONH group. 

We may remark here that an alternative hypothesis will be suggested pres- 
ently. \ further study of ferritin, with regard to its chemical, physical, 
erystalline, and magnetic properties will be the subject of a series of papers, 
of which this first one is concerned mainly with the preparation of ferritin 
and some of its physicochemical properties. 

The spleen of a normal horse is of a dark brown color, this being due in 
part to its large content of brown-black hemosiderin granules and in part 
to the brown color of ferritin. Temporarily one may classify the non- 
hematin iron of the spleen into three fractions: (a) the iron contained in 
the hemosiderin granules, (6) the iron in the soluble ferritin which is erystal- 
lizable with CdSQOy,, designated simply as “ferritin,” (¢) the iron in a soluble 
but non-crystallizable substance (or substances) which is present in the 
mother liquor resulting from the crystallization of ferritin with CdSOx. 
We shall refer preliminarily to this fraction as ‘‘non-crystallizable ferritin.” 
The iron is in the ferric state, and it will be shown in a later paper dealing 
with magnetic measurements that the iron shows the same type of atomic 


structure in all of these fractions. 


This is the first communication on closely related topics, all concerned with 
lerritil nd some other ferric compounds, worked out by the collaboration of S 
Granict \. Rothen, and L. Michaelis, of The Rockefeller Institute for Medical 
Research, New York, and Charles D Corvell of the Chemical Laboratory, University 
f California, Los Angeles 
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Method 


Isolation of Ferritin—A few modifications were made in the method of 
isolation of ferritin as used by Laufberger and by Kuhn ef al. Only one 
aqueous extract was made instead of two (2), since the yield on the second 
extraction was found to be negligible. After the aqueous spleen extract 
was heated to 80° (1), in order to expedite filtration, it was found con- 
venient to remove the heavy precipitate by first running the hot suspension 


through cheese-cloth and then onto large fluted filters. To increase the 
vield of filtrate, the precipitate in the cheese-cloth Was pressed \ clear 
red brown solution resulted. Since no precipitate was observed to torm 


on the addition of 10 gm. of ammonium sulfate to 100 ec. of this red-brown 
solution, this step in the procedure of Kuhn et al. was omitted 30 gm. 
of ammonium sulfate were now added directly to each 100 ec. of the solution 
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Fig | Horse spleen rerritin: x JO 


and the resulting suspension was kept in the ice box at 0° overnight. The 
precipitate was then centrifuged down and dissolved in distilled water. To 
crystallize out the ferritin, 4 to 5 gm. of cadmium sulfate (CdSO,-8 /3H,O) 
were added per 100 ec. of this solution. Crystallization began within 


several minutes. After the solution had stood overnight, the crvstals were 


separated off by centrifugation from a dark brown mother liquor that will 
no longer vield crystals. This solution will be referred to as ‘“‘non-crystal- 
lizable ferritin.”” The crystals of ferritin (Fig. 1) which are sparingly 
soluble in distilled water we have found to be soluble in 2 per cent am- 
monium sulfate, vielding a clear deep red-brown solution. Ferritin in this 
solution can readily be crystallized by adding 4 to 5 gm. of cadmium sulfate 
per 100 ec. of solution. 

The crystals of ferritin are not an artifact of the process of extracting 


and heating, since ferritin crystals can be seen to form on the under surface 


tu 
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of a cover-slip by treating a piece of teased horse spleen with a few drops of 
10 per cent CdSO, on a microscope slide. 

A protein impurity, deep brown in color, may be removed from a dialyzed 
solution of crystallized ferritin by bringing it to pH 4.6 + 0.1 with dilute 
acetate buffer (resulting ionic strength » = 0.1) and letting it stand over- 
night. In some of the preparations, this fraction may be quite voluminous, 
so much so, that one might be misled in believing that the precipitate 
represents ferritin at its isoelectric point. However, in other samples 
this precipitate at pH 4.6 may be very small. In any case, no crystalline 
ferritin can be obtained from this precipitate, although the supernatant 
fluid readily yields crystals with CdSO,. Perhaps this material represents 
denatured protein. Preliminarily, one may classify it, together with 
“non-crystallizable ferritin,” into a group of ‘‘non-crystallizable ferritins.”’ 

The recrystallized ferritin solutions, dissolved with the aid of ammonium 
sulfate, are dialyzed in cellophane tubes against slowly running distilled 
water until free from NH,*+ and SO, 

Analytical Methods—The analytical methods used were checked on 

known mixtures of Fe, N, P, and Cd in the amounts to be expected in the 
unknowns, in the presence of added sucrose and edestin with appropriate 
blanks. For Fe and Cd determinations on the same sample, 25 to 50 mg. 
of ferritin were ashed wet with 1 ec. of concentrated H.SO, + 0.2 to 0.5 
ec. of concentrated HNO; in 100 ec. Kjeldahl flasks. The heating was 
continued gently at the stage of SO; fumes for at least 30 minutes after 
learing in order to oxidize the last traces of organic compounds. After 
cooling, 10 ec. of water were added and the solution was boiled for 10 
minutes. To separate Fe from Cd, the solution was made 0.5 N With 
respect to H.SO, by neutralizing with strong NaOH solution (iron-free), 
adding the requisite amount of acid, and passing in H.S (3). The precipi- 
tate of CdS was filtered through a modified Wintersteiner micro filter ap- 
paratus onto an asbestos mat contained in a 2 ec. capacity Gooch crucible. 
The filtrate was boiled to remove the H2S and titrated with 0.04 n KMnQ,. 
The error in the determination of 4 to 10 mg. of Fe was +0.5 per cent. 
The CdS on the mat was brought into solution with a few ec. of hot 4 N 
HCl and filtered through another asbestos mat. 

For amounts of Cd between 0.5 and 2.0 mg. in this filtrate, isolation as 
the 8-hydroxyquinoline complex was used. This reagent had been found 
satisfactory by Berg (4) for the macrodetermination of Cd. The procedure 
for the semimicrodetermination of Cd is described here in detail, since the 
conditions necessary for this determination are not evident from the litera- 
ture (4). The hydrochloric acid solution containing CdCl, was brought to 
pH 4 to 5 (methyl red indicator) and diluted to a volume of 20 ce. 1 ce. 
of 8-hydroxyquinoline sulfate containing 10 mg. of the reagent was added; 
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then 4 m potassium acetate was added dropwise until a faint turbidity ap. 
peared, when 1 cc. more was added. The pH of this solution was 6 to 7, 
The solution was heated 10 minutes in a boiling water bath and the Cd 
complex was permitted to crystallize overnight and then filtered on a tared 
micro filter. It was dried at between 120-130° and weighed on the micro 
balance. The compound is Cd(C)H,OH)2 (4). The error for 0.5 mg. of 
Cd sample was +2 per cent; for 1 to 2 mg. of Cd it was +1 per cent. 

For amounts of Cd below 0.5 mg., a titrimetric dithizone procedure 
was used. This titrimetric method was suggested by Fischer (5) but the 
conditions for the quantitative determination of Cd by this means have 
not hitherto been described. The conditions to be described here were 
primarily worked out for the determination of Cd and iron in the same 
sample of ferritin. To separate small amounts of Cd from Fe, the CdS was 
left standing overnight before being filtered in order to form a coarser pre- 
cipitate. The reagents were prepared for titration of solutions containing 
about 0.02 mg. of Cd per cc., although the procedure may be modified to 
determine as little as a few micrograms of Cd per ec. The dithizone solu- 
tion was made up to contain 3 mg. of dithizone in 100 ec. of CCl. The 
reaction of Cd with dithizone was found to be quantitative between pH 
6 and 7.5. In order to attain this region of pH readily, a solution of 4 m 
potassium acetate freed from metals was needed. ‘This was prepared by 
shaking the 4 m potassium acetate in a separatory funnel for 5 minutes with 
20 ec. of CCl, containing 10 mg. of dithizone. The aqueous layer was then 
filtered through a moistened filter paper. A stop-cock grease insoluble in 
CCl, was also prepared (6). The standardization of the dithizone solution 
is given as a typical example of the titrimetric dithizone procedure. Toa 
25 cc. separatory funnel were added 1 ec. of CCl, 1 ee. of a standard Cd 
solution containing 0.02 mg. of Cd in 0.01 nN HCl, 2 ce. of H,O, and 0.5 ee. 
of 4 m potassium acetate. The dithizone solution was now added from the 
burette in 0.5 ce. portions, and shaken for 15 seconds after each addition. 
The Cd reacted with the green CC], solution of dithizone to form an orange- 
pink Cd complex which was soluble in CCl, but insoluble in water. When 
so much dithizone had been added that the CCl, layer no longer turned 
orange-pink but remained green, the end-point had been exceeded. A 
slight orange scum formed in the funnel during the titration and this was 
removed as completely as possible by dissolving it in 3 to 5 ec. of CC, 
shaking, and drawing off the CCl, layer. With a little practice the titration 
end-point on two succeeding titrations could be determined within 0.05 
ec. Since the amount of dithizone added was in the neighborhood of 3 cc., 
the error in the titration end-point was around 1.7 per cent. 

Phosphorus was determined by ashing with sulfuric and nitric acids and 
by precipitation as ammonium phosphomolybdate, the precipitate being 
weighed on the micro balance (3). | Phosphorus was also determined by the 
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colorimetric method of Youngburg and Youngburg (7). Nitrogen was 


| 


determined by the Kjeldahl method with CuSO, as catalyst and perhydrol 
to complete the digestion. 
Physical Properte 8 of Crystallized Ferritin 

Changes on Heating Ferritin—When a dialyzed ferritin solution con- 
taining 5 mg. of ferritin per cc. is heated slowly, at the rate of approximately 
34° per minute, it remains clear at 80°. At 82° it becomes cloudy. When 
allowed to cool. the suspension becomes completely clear again in 20 min- 
utes. If it is heated to 90°, an insoluble residue remains even on the next 
day, this residue constituting less than 25 per cent of the ferritin; the clear 
filtrate is readily crystallizable with CdSO,. Still higher temperatures 
bring about a coagulation no longer reversible on cooling. 

When dialyzed ferritin in a higher concentration (20 mg. per cc.) is 
heated, it becomes cloudy at 66° and when cool it clears completely within 
5 minutes. Heating to higher temperatures delays the clearing. For 
example, if kept at 80-82° for 5 minutes, the ferritin becomes granular and 
requires 30 minutes to become clear, leaving only a trace of insoluble 
residue. If the hot solution containing the granular material is treated 
with an equal volume of 10 per cent CdSO,, small irregular crystals are 
formed immediately. As the temperature decreases, well formed crystals 
begin to grow and the poorly formed ones disappear. 

According to Chick and Martin (8), two phenomena are involved in heat 
coagulation of a protein. In modern terminology we may describe the one 
as a “denaturation,” z.e. a chemical or structural change of the protein 
molecule itself, the second being an aggregation or “‘agglutination” of the 
individual protein molecules into particles larger than the wave-length of 
visible light. With many proteins, under certain conditions, especially of 
pH, denaturation by heat may occur before or without aggregation by 
heat. In the case of ferritin at higher concentrations (20 mg. per cc.), heat 
in the range between 60-80° causes the molecules to aggregate, this ag- 
gregation being reversible on cooling. Above 80°, changes in the indi- 
vidual molecules occur which are not reversible; such changed molecules 
agglutinate to insoluble granules. The special peculiarity of ferritin is 
that at sufficiently high concentrations the normal unchanged molecules 
can agglutinate before they denature. Others may interpret the facts by 
assuming two kinds of ‘‘denaturation,” a reversible one occurring at 80° 
and an irreversible one occurring at higher temperatures. This depends 
on the definition of denaturation. It should be emphasized that the 
exact figure, 80°, depends on the conditions of these experiments; the 
temperature of denaturation, of course, varies with the concentration of 
protein and the rate of heating. 

Crystallization of Ferritin—Crystals of ferritin form most readily when 
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the cadmium sulfate solution is added to a dialyzed ferritin solution. The 
rate of crystallization is high; for example, within 30 seconds after an 
equal volume of 10 per cent CdSQ, solution is added to a dialyzed aqueous 
ferritin solution (containing 2 per cent ferritin) one can observe well formed 
growing crystals under the microscope. These crystals are optically iso- 
tropic, usually with slightly curved edges. The smaller ones are well 
formed octahedra; the large ones are twinned octahedra formed on the plan 
of a cube, on each face of which is set a tetrahedral pyramid. They are 
very soft, being easily crushed under a cover-slip; yet when crushed, they 
splinter into distinct fragments rather than smear out into a gel. 

Crystals of the same shape may be obtained with ZnSO, instead of 
CdSO, but crystallization is more difficult. Laufberger reports obtaining 
crystals of ferritin even with cobalt and nickel sulfates. The crystalliza- 
tion of ferritin by means of Zn, Cd, Ni, or Co salts reminds one of the 
peculiarity of insulin which needs traces of any of these elements to form 
crystals. Ferritin, in contrast to insulin, requires over 3 per cent CdSQ, or 
ZnSO, for crystallization. 

When lower concentrations of CdSQ, are used for crystallization, several 
interesting phenomena are observed. Addition of CdS¢ ), to a ferritin solu- 
tion so that the final solution contains 0.5 per cent CdSO, (Experiment 1, 
Table I) results in the production of a precipitate which appears to be 
amorphous even under the oil immersion lens, and which remains so for 
weeks; results with a 0.7 per cent CdSQO, solution are similar (Experiment 
2, Table 1). At 1 per cent CdSQ,, flat plates are gradually formed. At 
3 per cent CdSQ,, crystals of the typical octahedra and twinned crystals are 
formed rapidly and no amorphous precipitate is visible, the supernatant 
solution being colorless. 

The amorphous precipitate formed at the lower concentrations of CdSO, 
is not an impurity, for if 5 per cent CdSO, is added directly to this amor- 
phous precipitate (freed from its mother liquor) one may observe under 
the microscope that it dissolves and octahedral and twinned crystals arise 
rapidly." 

In Experiment 5 octahedral crystals of ferritin formed in 5 per cent CdSO, 
were rapidly washed with 0.6 per cent CdSQO, and suspended in this solution. 
After several days, the original crystals had disappeared, giving way to 
small square plates which were optically anisotropic. This is the only case 
in which we have observed anisotropy in ferritin crystals. When these 
plates were brought into solution and 5 per cent CdSO, was added, 1so- 
tropic ferritin crystals were formed. 

In order to find out whether these various amorphous precipitates and 
crystal forms represented substances of different cadmium content, the 
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1 Dr. K. G. Stern had previously observed this phenomenon 
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iron-cadmium ratios in the preparations were determined. Assuming an 
iron content in ferritin of 22 per cent, one can calculate from the Fe:Cd 
ratio the approximate percentage of Cd in the crystals. To remove the 
adhering mother liquor containing CdSQ, in the preparation of ferritin 
samples for analysis, the samples (Experiments 1 to 5) were centrifuged 
down, spread on porous porcelain to dry overnight, and then dried at 110°. 
The analyses (Table 1) indicate that the amorphous precipitates (Experi- 
ment 1) contain not less than half the cadmium that the crystals contain 
Experiment 4 


TABLE | 


CdSO, Concentrations and Character of Ferritin Precipitates 


E ‘ Ratio, Per cent 
- Compositio Character of ppts Fe:Cd Cd in 
N atoms crystals 
»cc. Preparation VII (3 times Amorphous ppt., optically | 12.3:1 | 3.5 
tallized ferritin), 0.5 ce isotropic 
0.4 um CdSO,. diluted to 10 
0.5% CdSO 
Z Dé Preparation VII, 0.7 ce \morphous ppt., s ymewhat 10.0:1 4.4 
0.4 uw CdSO,, diluted t 10 greater than above, opti 
0.7% CdSO,) cally isotropic 
Preparation VIT, 1.0 e Mostly flat, large plates or 8.5:1 5.2 
0.4 um CdS0O,, diluted to 10 twinned, optically isotropic; 
1% CdsSO slight amorphous ppt. (an 
alyses made on plates) 
Preparation VII, 3.0 ce Star-shaped twinned crystals  6.6:1 6.7 
0.4m CdSO,, diluted to 10 and octahedra optically Iso 
ce 39, CdsSO, tropic; no amorphous ppt 
5 Or hedra of Preparation VI 15 X 154, small square pl ites, | 9.2:1 1.8 
6 times crystallized), sus optically anisotropic 
pe! led in 0.6% CdSO, 
6 Octahedraof Preparation VII, Crystals unchanged; opti 26:1 5 
washed with saturated KC! cally isotropic 


In Experiment 6, the adhering mother liquor was removed by rapidly 
washing ferritin crystals (originally precipitated with 5 per cent CdSO,) 
with saturated KC] in which these crystals were only slightly soluble. The 
Cd content decreased from 6.7 to 1.7 per cent. Since protein crystals ap- 
pear to contain relatively large pores or capillary spaces (9), it appears that 
the CdSO, present in aqueous solution in the pores of the crystal was swept 
out by the KCl solution without visibly affecting the crystalline form. 

The CdSO, may be considered to serve two functions: the first, to coordi- 
nate the molecules of ferritin into a definite lattice pattern; the second, to 
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decrease the solubility of ferritin, thus favoring crystallization. This latter | ' 


function can be taken over by saturated KCl. Crystallization of ferritin 
could not be obtained, however, by using as the crystallizing solution 1 per 
cent CdS0O, in the presence of saturated KCl. 

Homogeneity of Ferritin—In order to determine whether ferritin repre- 
sented a pure protein, it was studied by the ultracentrifuge, electrophoretic, 
and solubility methods. The results of ultracentrifugation? indicated 
ferritin to be an inhomogeneous material consisting of large brown particles 
of molecular weight in the neighborhood of several million, grading down 
finally to a colorless fraction which appeared to make up 30 per cent of the 
protein. If these small colorless particles were considered to be spherical 
in shape, their molecular weight would be around half a million. Electro- 
phoretic studies in the Tiselius apparatus,? however, indicated ferritin to be 


TaBLeE II 
Sol ibility Studie s on Fei fin 
Ferritin in 0.4 per cent CdSO, 8/3H20 Ferrit per cent CdSO, 8/3H:0 
Tube No. Ferritin Ferritiz 

Suspension Filtrate Suspe yn Filtrate 

mg. per ci mg. per Cé me. pe meg. per co 
l 0. 260 0.256 0.678 0.591 
2 1.44 0.990 1.18 1.05 
3 2.10 1.34 2.79 2 06 
4 3.92 1.85 5.32 2.45 
5 4.39 1.88 6.50 2.50 
6 5.77 1.97 10.2 2.64 
7 8.19 2.21 13.0 2.é3 
Ss 17.9 3.02 


a completely homogeneous substance with an isoelectric point below pH 
5.4. The solubility method of Kunitz and Northrop (10) indicated ferritin 
to be inhomogeneous. This latter method was tested at two different con- 
centrations of CdSO,. Twice recrystallized ferritin was precipitated with 
5 per cent CdSQ,; the crystals were centrifuged down and washed twice by 
centrifugation with 0.4 per cent CdSO,-8/3H:,O. Increasing amounts of 
these washed crystals were then suspended in a series of tubes together with 
the same 0.4 per cent CdSQ, solution. After 24 hours of shaking at room 
temperature, which preliminary tests indicated as sufficient for the es- 
tablishment of equilibrium, the tubes were centrifuged and aliquots of the 


' Ultracentrifuge and electrophoretic studies on ferritin have been made by Dr 


\. Rothen, who will report his data in another paper of this series 
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ter | brown supernatant solution were used for colorimetry in a Pulfrich photom- 
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eter to determine the concentration of ferritin in solution. The results 
are given in Table II. In another experiment 0.6 per cent CdSO,-8/3H,O 
was used as solvent with a ferritin preparation that had been recrystallized 
six times; the results are also reported in Table IT. 


Some Chemical Properties of Ferritin 
Iron Content—Further evidence for the inhomogeneity of ferritin is the 


variability of the iron, phosphorous, and nitrogen content of different 
erystallized ferritin samples. Iron analyses of these ferritin samples after 


TaB_e III 
Analyses of Non-Hemin Iron Components of Horse Spleen in Per Cent of Dry Weight* 


Fe Cd P N 





Preparation 


Uncorrected Corrected Uncersected fer Ca 





for Cd for Cd 
per cent per cent per cent per cent per cent 
I. Ferritin crystallized twice 22.2 22.7 2.88 1.60 10.55 
Il. si or 3 times; 
removal of Cd by ammoni 
um sulfate and dialysis 22.7 22.8 0.724 1.26 
IX. Ferritin crystallized 4 times 19.7 20.2 2.74 1.42 11.1 
X a we once; 
from a horse severely bled 
several mos 22.6 23.1 1.93 1.99 12.6 
IV. Fraction pptd. with Na.SO, 
(not crystallized) 24.5 1.45 11.0 
VIII. Hemosiderin granules 8.29 1.59 12.9 
VII. ‘‘Non-crystallizable ferritin”’ 
from mother liquor 19.8 20.2 2.02 1.52 9.12 


* All preparations were dried in thin layers at 80° for 24 hours and then for 3 hours 
at 110°. 


dialysis vary from 20.2 to 23.1 per cent if the Cd adhering to the ferritin is 
considered as an impurity and is corrected for. 

It was interesting to see what the iron content of a preparation would be 
if it were not crystallized with CdSO,, but merely fractionated with Na SQ,. 
Preparation IV (Table III) was therefore made in the following manner. 
The filtrate of the horse spleen extract after being heated to 80° was pre- 
cipitated with ammonium sulfate in the usual manner. This precipitate 
was then dissolved in water to give a deep brown, clear solution which was 
fractionated into three parts by Na.SO, of increasing concentration up to 
saturation. There is no particularly sharp separation with this procedure, 
since the precipitates form in a concentration of Na,SO, near saturation. 
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The intermediate fraction was arbitrarily chosen and was dialyzed free from 
salts. This Preparation IV had an iron content of 24.5 per cent. 

The brown mother liquor from a CdSO, precipitation (designated as 
“non-crystallizable ferritin”) was precipitated with ammonium sulfate, 
dialyzed, and centrifuged. The supernatant liquid soluble in the absence 
of ammonium sulfate yields a preparation, No. VII, having 19.8 per cent 
iron and somewhat less nitrogen than the crystallized ferritin preparation. 

Hemosiderin granules isolated by differential centrifugation in a partial 
state of purity had an iron content of 8.29 per cent, a nitrogen content of 
12.9 per cent, and a phosphorus content of 1.6 per cent. It is not possible 
to say whether this phosphorus is a component of the granules or not. 

Phosphorus Content—The phosphorus content of crystallized ferritin 
preparations was also variable, ranging from 1.26 to 2.00 per cent. Kuhn 
and his coworkers have postulated this phosphorus to be a constituent of a 
desoxy ribonucleic acid. We have been unable to confirm the presence of 
any nucleic acid in any of our crystallized samples of ferritin. When 
ferritin was made | N with NaOH, within a few minutes at room tempera- 
ture a dark brown, flocculent precipitate formed. This precipitate, Frac- 
tion A, contained all of the iron, 5 per cent of the nitrogen, and 23 per cent 
of the phosphorus. The supernatant liquid, Fraction B, was colorless and 
contained 77 per cent of the phosphorus in the form of inorganic ortho- 
phosphate. Fraction B also contained 85 per cent of the total N in the 
form of a substance precipitated at pif 1.6 and identified as a protein by 
the biuret, ninhydrin, and Millon tests. Both Fractions A and B were 
tested for pentoses with Bial’s reagent, for desoxypentose by the Kiliani 
method, and with the Dische diphenylamine reagent; all tests were negative. 
To detect purines, absorption spectra in the ultraviolet region were taken by 
Dr. G. Lavin on both fractions, and again with negative results. It is not 
yet possible to say whether the phosphate is in some very labile organic 
combination or whether the phosphate, perhaps as a basic ferric phosphate, 
is a part of a colloidal micelle of ferric hydroxide. Consequently, if some 
preparations of ferritin, such as Kuhn’s, should contain nucleic acid, this 
should be considered as a non-essential admixture. 

Cadmium Content—It has not been found possible, by dialysis against 
distilled water, to remove all the cadmium from a solution prepared from 
ferritin-cadmium crystals. Prolonged dialysis until the dialysate is free 
from sulfate ions gives a preparation containing from 2 to 3 per cent cad- 
mium (Preparations I, IX, X, Table III). We have been able to decrease 
the cadmium content to 0.72 per cent by washing the ferritin-cadmium with 
ammonium sulfate (Preparation II) in the following manner, A thrice 
crystallized ferritin solution was precipitated with 30 per cent ammonium 
sulfate, the flocculent precipitate was washed with a fresh solution of am- 
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monium sulfate, the ferritin was redissolved, and the precipitation and 
washing repeated. Finally the precipitate was dissolved and dialyzed 
until free from ammonium ions and its cadmium content determined. 
Ferritin seems to hold cadmium as tenaciously as, according to Schorn (11), 
egg albumin treated with zine ions holds the zinc, of which 0.63 per cent 
still remains even on electrodialysis. 


SUMMARY 


Horse spleen ferritin, a protein containing over 20 per cent iron, and 
erystallizable as a cadmium salt is not an artifact of the methods of isola- 
tion and heating, since crystals can be obtained directly by treating a piece 
of teased horse spleen with CdSO,. Ferritin is homogeneous according to 
the Tiselius electrophoretic method. It is, however, inhomogeneous in the 
ultracentrifuge, being made up of brown particles having a molecular weight 
in the neighborhood of several million and grading down to colorless parti- 
cles of the size of large globulin molecules. Solubility studies also give 
evidence for the inhomogeneity of crystallized ferritin. Inhomogeneity is 
further indicated by the variation in the iron and phosphorus content of 
different ferritin samples. No evidence was obtained for the presence of 
nucleic acid in ferritin. The effect of heat on ferritin is peculiar, since a 3 
per cent solution of ferritin when heated to 60° gives a coagulum which 
redissolves on cooling; when heated to higher temperatures, a coagulum is 
produced having the appearance of an irreversibly denatured protein. 
Peculiarities of crystallization and the cadmium content of the crystals are 
discussed. Methods for cadmium analyses by means of 8-hydroxyquino- 
line and by a titrimetric dithizone procedure are described. 


BIBLIOGRAPHY 


Laufberger. M.. B S chim. biol., 19, 1575 (1937 
2. Kuhn, R., SGrensen, N. A., and Birkofer, L., Ber. chem. Ges., 73 B, 823 (1940). 
lreadwell. F. P nd Hall, W. T., Analytical chemistry, Quantitative analysis 
New York and London, 7th edition (1930 
t+. Berg, R., Z. anal. Chem., 71, 321 (1927 
5. Fischer, H., Ange Chem., 46, 442 (1933) ; 47, 685 (1934); 60, 919 (1937) 
6. Meloche, C. ¢ nd Frederick, W. G., J. Am. Chem. Soc., 64, 3264 (1932). 


7. Youngburg, G nd Youngburg, N., J. Lab. and Clin. Med., 16, 158 (1930). 
&. Chick, H nd Martin, C., J. Physiol., 40, 404 (1910); 48, 1 (1911) 
) Granick, S., J. Gen. Physiol., 25, 571 (1942) 
10. Kunitz. M d Northrop, J. H., Compt.-rend. trav. Lab. Carlsberg, 22, 288 (1938). 

















SYNTHESIS OF PEPTIDES OF /-SERINE 


By JOSEPH 8S. FRUTON 
Fron the Labo atories of The Roc kefe ller Inst lute jor Vedical Re Se arch, New York) 


Received for publication, September 25, 1942) 


Recently, a method has been developed (1) for the isolation of /-serine 
from silk fibroin. The ready availability of this amino acid has now made 
it possible to apply the carbobenzoxy method (2) to the synthesis of pep- 
tides containing /-serine. In the present communication, syntheses of 
Lserviglycine, /-seryl-l-alanine, /-seryl-l-serine, and /-seryl-l-glutamic acid 
are described. The syntheses involve the reaction of carbobenzoxy-l- 
serinazide with the appropriate amino acid ester. Saponification of the 
coupling products followed by catalytic hydrogenation yields the expected 
peptides 

When an ethyl acetate solution of carbobenzoxy-l-serinazide is heated to 
10° for 20 minutes, 4-carbobenzoxyaminooxazolidone-2 is formed.! 


CH,OH CH,O 
| > | >CO 
C.,H;CH,OCONHCHCON C,H; CH,OCONHCHNH 
In coupling carbobenzoxy-l-serinazide with amino acid esters, it is advisable 
therefore to keep the temperature of the reaction below 25° in order to 
prevent appreciable formation of the oxazolidone. 

A preparation of l-seryl !-serine has been described previously by Fischer 

{). This material was prepared by partial hydrolysis of /-serine anhy- 
dride obtained from silk fibroin. Fischer questioned the optical purity of 
his material which had a specific rotation in normal hydrochloric acid of 
+12.0°. The rotation found for /-seryl-l-serine synthesized by the 
carbobenzoxy method was +14.2°. 

The synthesis of peptides ol /-phosphoserine by phosphorylation of the 
corresponding carbobenzoxy serine peptide esters is contemplated. The 
phosphorylated /-seryl-/-glutamic acid is of special interest since Posternak 
and Pollaezek (5) have presented evidence to show that the peptide ob- 
tained by Levene and Hill (6) from casein is phosphoserylglutamie acid. 
The former workers have also reported that this phosphopeptide is resistant 
to dipeptidase action; however, removal of the phosphoric acid residue 
renders the peptide bond sensitive to enzyme action. 

At the outset of this investigation it was intended to examine the specifi- 


' Similar ring formation was observed by Schroeter (3) on heating 8-phenyl- 
hydracrylic acid azide. 
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city of the action of proteolytic enzymes on serine peptides. However, 
owing to present circumstances, the enzymatic studies could not be com- 


pleted. 
TABLE | | 
Hydrolysis of Dipeptides Containing |-Serine by Swine Intestinal Mucosa | 
Substrate voncentration, 0.05 mm per cc. of test solution; enzyme concentration, | 
0.25 mg. of protein N per ce. of test solution; temperature 40°. | | 
Substrate pH Time Hydrolysis 
ars per cent 
‘ 
l-Serylglycine 7.5 23 23 
17 56 
l-Seryl-l-alanine 7.7 23 29 
47 59 
l-Seryl-l-serine 7.5 23 18 
47 35 
Glycylglycine 7.8 23 29 ] 
17 54 
l-Leucylglycine 7.8 3 16 
6.5 32 
l-Leucylglycylglycine re l 37 
3 86 
( 
TABLE I] 
Hydrolysis of Carbobenzory-l-serinamide by Intracellular Proteinases 
Substrate concentration, 0.05 mm per cc. of test solution; concentration of acti 
vator (cysteine), 0.01 mm per cc. of test solution; temperature 40°; pH 4.9. 
Enzyme Protein N per Ot Time Hydrolysis K* 
test solution P D 
me min per cent Cc 
Cysteine-papain 0.276 80 4() 0.0028 a 
170 65 0.0027 Si 
240 76 0.0026 a 
Cysteine-beef spleen 0.346 80 8 0.00045 . 
cathepsin 170 19 0.00054 
240 23 0.00047 n 
| 100 
°*K = + log = : eC 
min 100 % hydrolysis 


Preliminary experiments showed that several of the dipeptides described | 
in the present communication are split by an aqueous extract of swine | 
intestinal mucosa. It will be noted from Table I that the rate of enzymatic 
hydrolysis of the serine dipeptides is rather similar to the rate of splitting | es 
of glycylglycine. On the other hand, /-leucylglycine and /-leucylglycyl- | ss 
glycine are hydrolyzed much more rapidly. tu 
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Carbobenzoxy-l-serinamide is split by cysteine-papain and by cysteine- 
beef spleen cathepsin (Table II). The hydrolyses follow the kinetics of a 
first order reaction. This enzymatic action may be attributed to a pro- 
teinase (endopeptidase) in each of the two enzyme preparations. It re- 
mains to be determined whether the hydrolysis of carbobenzoxyserinamide 
is due to the action of any of the hitherto recognized proteinases in papain 
or beef spleen cathepsin preparations (7). 


The author wishes to express his thanks to Dr. Max Bergmann for kind 
advice and encouragement and to Miss Rosalind Joseph and Mr. Stephen 
M. Nagy for valuable assistance in this investigation. 


EXPERIMENTAL 


Carbobenzory-l-serine—3.2 gm. of l-serine ({a]?’ = +14.8° (10 per cent 
in 2 N HCl) (1)) were dissolved in 30 cc. of Nn NaOH. 5 gm. of carbo- 
benzoxy chloride and 10 cc. of 4 Nn NaOH were added in three portions with 
cooling and shaking. Concentrated hydrochloric acid was added carefully 
to Congo red acidity. The syrup which appeared crystallized quickly. 
The crude product was dried on a porous plate and recrystallized from hot 
chloroform. Yield, 4.5 gm.; m.p., 121°. 


CyHyOsN. Calculated. C 55.2, H 5.5, N 5.9 
239.2 Found. ‘oe, * 38; ° 3S 
lalS = +5.6° (6% in glacial acetic acid) 


Carbobenzoxy-l-serinhydrazide—3.2 gm. of l-serine were esterified with 
methanol and dry HCl. The syrupy ester was coupled with 5 gm. of 
carbobenzoxy chloride (in two portions). Potassium bicarbonate was 
added to neutralize the HCl and ethyl acetate was used as the organic 
solvent. The excess carbobenzoxy chloride was destroyed with pyridine 
and the ethyl acetate layer was washed successively with water, hydrochloric 
acid, and water and finally dried over NagSQ,. On evaporation, a syrup 
resulted which was dissolved in 50 cc. of absolute alcohol and 1.5 cc. of 
hydrazine hydrate were added. Crystallization of the hydrazide was 
complete after 24 hours at room temperature. Yield, 3.4 gm.; m.p., 181°. 


C1:1Hys0.Ns. Calculated. C 52.5 ’ I 6.0, N 16.6 
253.2 Found. 2 


Carbobenzoxy-l-serinamide—The syrupy carbobenzoxy-l-serine methyl 
ester (from 5 gm. of /-serine) was dissolved in 100 cc. of methanol previously 
saturated with dry ammonia at 0° and allowed to stand at room tempera- 
ture for 2 days. On evaporation of the solvent, crystals were obtained. 
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The material was recry stallized from ethyl! acetate. Yield, 4.7 gm.; m.p., 
132-133 

C,H yO N Calculated. C 55.5, H 5.9, N 11.8 
2D. Found O.0, 6.0. 11S 


aly +144 o% in ethanol 
l-Se rylglycine 


Carbobenzoxy-l-serylgqlycine Benzyl Ester—3.5 gm. of carbobenzoxy- 
l-serinhydrazide were suspended in 40 ec. of water and 3 cc. of glacial acetie 
acid and 1 ec. ol concentrated hvdrochlorie acid were added to vive a clear 
solution With ec oling and shaking, a solution of 1.5 gm. Of st dium nitrite 
in 10 ec. of water was added slowly. The resulting syrupy azide was 
extracted with ethvl acetate The ethyl acetate laver was qui kly washed 
with cold water, bicarbonate, and water and then dried over NaSO,. 
The dry ethy! acetate solution was added to an ethereal solution of glycine 
benzyl ester (prepared from 8 gm. of the hydrochloride \fter 20 hours 
at room temperature, the reaction mixture was washed with dilute hydro- 
chlorie acid, water, bicarbonate, and water and dri d Ove! N LeU). On 
evaporation to a small volume and addition of petroleum ether, crystals 
were obtained. Yield, 2.4 gm.; m.p., 102 

ConhlooOgN Caleulated C 622. H 68. N 

S64 Found 62.1, a 
l-Se ylqlycine 1.0 gm. ol carbobenzox\ serviglycine benzyl ester was 
hydrogenated in methanol in the presence of palladium black The pep- 
tide separate d out during the hydrogenation and was dissolved by addition 
of water. The filtrate from the catalyst was evaporated. On addition 


of alcohol, crystallization of the peptide occurred Yield, 0.4 gm 


C.H,.O.N Caleulated 2s te 6S Mm IS 
162.1 Found 36.8, 6.4, 17.1 
al; +-30.2° (6% in n HCl 


This peptide was also prepared by hydrogenation of carbobenzoxy-- 
serylglycine (described below 

Carbobe NZOLY | ylgl {crime Ethyl st {n ethvl acetate s ution of 
carbobenzoxy-l-serinazide (prepared as above from 1 gm. of the hydrazide 
was added to an ethereal solution of glycine ethvl ester rom 5 gm. of the 
hydrochloride). After 24 hours at room temperature, the reaction mixture 
was washed with dilute hydrochloric acid, water, bicarbonate, and water 
and finally dried over NasSO,. On concentration of the solution to a small 
volume and addition of petroleum ether, crystals were obtained. Yield, 
0.8 gm.; m.p., 105-107 

CisHwOWNs. Calculated. C 55.5, H 6.2, N 8.6 


324.3 Found * oo,” § Ca.” os 
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Carbobenzoxy-l-serylglycine—1 gm. of the ethyl ester was dissolved in 
95 ec. of methanol and 3.4 ec. of N NaOH were added. After 30 minutes 
at room temperature, 3.8 ce. of N HCl were added and the methanol was 
evaporated off. The aqueous solution was placed in the ice box. After 
3 days the material had crystallized out. Yield, 0.5 gm. The melting 


wint after reervstallization from hot water was 131 

| : 
C,sH,OsNe. Caleulated. C 52.7, H 5.4, N 9.5 
206 2 Found §2.5, ~s 5.3, ** 9.6 


l-Seryl-l-alanine 


| Carbobenzoxy-l-seryl-l-alanine Methyl Ester—10 gm. of carbobenzoxy-l- 
serinhydrazide were converted to the azide in the usual manner. The 
ethyl acetate solution of the azide was added to a solution of /-alanine 
methyl ester (prepared from 20 gm. of the syrupy hydrochloride), con- 
eentrated to one-third of the original volume, and left to stand overnight. 
After the solution was washed with dilute hydrochloric acid, water, bi- 
carbonate, and water, the non-aqueous layer was dried and concentrated 
under reduced pressure. Addition of petroleum ether precipitated the 
material in crystalline form. Yield, 7.8 gm. After recrystallization from 
ethyl acetate-ether, the substance melted at 113-114°. 


CisH ON Calculated. C 55.5, H 6.2, N 8.6 
55 


324.3 Found e aes 2) OS ee 


Carbobenzoxy-l-seryl-l-alanine—3.2 gm. of the methyl ester were dis- 


l ec. of N NaOH were added. After 30 
minutes, 12 ec. of N HCl were added and the methanol was evaporated off. 


solved in 30 ec. of methanol and 


The residue was chilled and the crystals collected. Yield, 2.6 gm. The 


substance was recrystallized from hot water. 


C,,H,OgN2-}H,O. Calculated. C 52.7, H 6.0, N 8.8, H.O 2.8 
. O° 
a. 


319.3 Found " ie’ Giae meee 


After drying at 100° for 3 hours in vacuo over P2Os, the substance melted 
at 161-162”. 

l-Seryl-l-alanine—1 gm. of the carbobenzoxy compound was hydro- 
genated in methanol in the presence of palladium black. The peptide 
separated out during the hydrogenation and was dissolved by the addition 
of hot water. The filtrate from the catalyst was evaporated down to a 
small volume. The peptide was crystallized by the addition of absolute 
alcohol Yield, 0.5 gm. 


CeH ON Caleulated. C 40.9, H 6.9, N 15.9 
176.2 Found : 10.7. = 7.0. * Bz 
alp = —30.4° (6% in n HCl) 











468 SYNTHESIS OF PEPTIDES OF /-SERINE 


1-Seryl-l-serine 


Carbobenzoxry-l-seryl-l-serine Methyl Ester—An ethyl acetate solution of 
carbobenzoxyserinazide (prepared from 3.5 gm. of the hydrazide) was 
added to an ethyl acetate solution of serine methyl ester (from 5 gm. of 
hydrochloride). After 20 hours at room temperature crystals (0.6 gm.) 
had separated out. The filtrate was washed with dilute HCl, water, 
bicarbonate, and water. After drying over Na»SO,, the solution was 
concentrated to a small volume and petroleum ether was added. A second 
crop of crystals was obtained. The total yield was 1.4 gm.; m.p., 143-145°, 

CisH»O7N2. Calculated. C 52.9, H 5.9, N 8.2 
340.4 Found. Po oe ee 

Carbobenzoxy-l-seryl-l-serine—1.0 gm. of the methyl ester was dissolved 
in 15 ec. of methanol and 3.2 cc. of N NaOH were added. The reaction 
mixture was left at room temperature for 20 minutes and then acidified 
with 3.6 cc. of N HCl. On evaporation of the methanol under reduced 
pressure and chilling overnight, 0.5 gm. of crystals was obtained. After 
recrystallization from hot water the substance melted at 169-171 
H 5.6, N 8.6 


Cy4H,sO7;N:2. Calculated. C 51.5, 
> oe 


51. 
326.3 Found. a 
l-Seryl-l-serine—1.1 gm. of the carbobenzoxy compound were hydro- 
genated catalytically in methanol solution. The catalyst was filtered off 
and washed with hot water. The filtrate and washings were combined, 
concentrated to a small volume, and chilled. The crystalline peptide was 
filtered off and dried in vacuo over P2Os. Yield, 0.5 gm. The material 
is sparingly soluble in cold water. 
C,.H,.0:N Calculated. C 37.5, H 6.3, N 14.6 
192.2 Found. “oa,” 64," MA 


523 : ‘ —waor : ‘ 
la]Jyp = +14.2° (7% in n HCl 


l-Seryl-l-glutamic Acid 
Carbobenzoxy-l-seryl-l-glutamic Acid Diethyl Ester—-An ethyl acetate 
solution of carbobenzoxy-l-serinazide (prepared from 2.8 gm. of the hy- 
drazide) was added to an ethyl acetate solution of glutamic acid diethyl 
ester (prepared from 10 gm. of the hydrochloride). The reaction mixture 
was allowed to stand at 20° overnight, washed with dilute hydrochloric 
acid, water, dilute bicarbonate, and water. After drying over Na2SQ,, 
the solution was concentrated under reduced pressure. The resulting 
syrup was crystallized by the addition of petroleum ether. Yield, 2.9 
gm. After recrystallization from ether-petroleum ether, the substance 
melted at 85-86°. 
CusH2s0sN2. Calculated. C 56.6, H 6.6, N 6.6 
424.4 Found. ~ se,” 65..%° 6S 
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Carbobenzoxy-l-seryl-l-glutamic Acid—1.3 gm. of the diethyl ester were 
dissolved in 20 ce. of methanol and 6.3 cc. of N NaOH were added. After 
30 minutes, 6.7 cc. of N HCl were added and the reaction mixture concen- 
trated under reduced pressure. The resulting oil crystallized on standing 
in the ice box. Yield, 0.8 gm. After recrystallization from hot water, 
the substance melted at 152—153°. 


CisH»OsN>. Calculated. C 52.2, H 5.5, N 7.6 
368.4 Found. "2, So a 


l-Seryl-l-glutamic Acid—0.5 gm. of the carbobenzoxy compound was 
hydrogenated in methanol in the presence of palladium black. The pep- 
tide separated out during the hydrogenation and was dissolved by the 
addition of hot water. The filtrate from the catalyst was evaporated down 
toa small volume. The peptide was crystallized by fhe addition of abso- 
lute alcohol. Yield, 0.3 gm. 
CsH,,OgN2 Calculated. C 41.0, H 6.0, N 12.0 


234.2 Found. “gea“ean” BS 
[e]p = —9.4° (6% in n HCl) 


4-Carbobenzoxyaminooxazolidone-2—An ethyl acetate solution of carbo- 

benzoxy-l-serinazide (prepared in the usual manner from 2 gm. of the 
hydrazide) was heated to 40° for 20 minutes. Addition of petroleum ether 
yielded a crystalline precipitate. Yield, 1.2 gm. After recrystallization 
from hot water, the substance melted at 171°. 

C,,H,.O iN Calculated C 55.9, H 5.1, N 11.9 

236.2 Found. “ 65.9, “ 5.1, “ 11.9 
75 mg. of this substance were refluxed with 10 per cent hydrochloric acid 
for 2 minutes. On cooling, crystals (24 mg.) separated out. M.p., 
9)-91°. The product was benzyl carbamate (8, 9). 


C.sH,O.N. Calculated. C 63.7, H 6.0, N 9.3 
151.2 Found. “ee” 65. * Os 


An authentic sample of benzyl carbamate was prepared by treatment of 
carbobenzoxy chloride with ammonia in ether. A mixed melting point 
with the product obtained by treatment of the oxazolidone with hydro- 
chloric acid showed no depression. 
Enzymatic Studies 

The preparation of swine intestinal mucosa was a crude aqueous extract 
kindly supplied by Dr. E. L. Smith. The papain (10) and the beef spleen 
cathepsin solution (11) where prepared as described previously. The 
substrate concentration was 0.05 mm per cc. of test solution. 0.1 M 
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veronal buffer was employed for the experiments at pH 7.5 to 7.8; 0.2 y 
citrate buffer was used for the experiments at pH 4.9. The extent of 
hydrolysis was followed by titration of liberated carboxy] groups by the 
method of Grassmann and Heyde (12). 
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Electrophoresis of desoxyribose nucleic acid (DNA) (1, 2) and ribose 
nucleic acid (RNA) (3, 4) has indicated in the main that the former pos- 
sesses a higher mobility than the latter. Similarly, titration data have 
indicated that, assuming a tetranucleotide unit, DNA possesses five acidic 
groups per tetranucleotide, while RNA has four (5, 6). Treatment with 
ribonuclease has been found to increase the acidic charge of RNA from four 
to five (7). However, titration (8, 9) as well as electrophoretic (10) data 
have also been presented to show that DNA and RNA possess the same net 
charge. Hence, the comparison in a number of laboratories of the elec- 
trophoretic mobilities of different nucleic acids has led to discordant results. 
However, the procedures employed have not been sufficiently uniform with 
respect to ionic strength, pH, electrolyte, etc., to permit a rigorous com- 
parison of the data. Therefore, in the present work artificial mixtures of 
various desoxyribose nucleic acids and ribose nucleic acids were studied by 
the electrophoretic method in an attempt to clarify the reported dis- 


crepancies 
EXPERIMENTAL 


Yeast RNA (Merck) was purified by the method of Kunitz (11). The 
wthor is indebted to Dr. M. Kunitz of the Rockefeller Institute for samples 
of thymus DNA prepared according to Levene and of crystalline ribonu- 
clease, and to Dr. K. Meyer of Columbia University for a sample of thymus 
DNA prepared according to Hammarsten. The Levene DNA was far less 
viscous in solution than that prepared by Hammarsten’s method. 

The Levene DNA and the mixtures listed in Table I were examined by 
the Longsworth technique in the Tiselius electrophoresis apparatus at pH 
7.0 in 0.02 \ veronal buffer containing 0.08 N sodium chloride. The con- 
centration of each ty pe ol nucleic acid was 0.2 per cent. An aliquot of the 
Levene DNA and RNA mixture incubated with 0.03 per cent ribonuclease 
at 30° for 24 hours was examined without reequilibration against the buffer. 


* Fellow in the Medical Sciences of the National Research Council. The present 
ddress of the author is the Department of Biochemistry, Columbia University, 
New York 
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The pH and conductivities were practically unchan ged. ‘The mobilities of 
the separate components after migrating about 3 ¢ m. are given in Table I. 
The mobilities of the descending boundaries are .ssed in subsequent com- 
parisons. 
TaBLe I 
Electrophoretic Mobilfties of Components in Nucleic Acid Miztures 


Boundary mobi‘ities & 105 cm.? sec.~! volt-1 
Nucleic acid mixtures 3 


Ascending Descending 
Levene DNA —14.2 —14.0 
si + RNA —15.0 —14.3 
” ‘« +4 ribonuclease-treated RNA —14.8, —18.3 —13.9, —16.8 
RNA + Hammarsten DNA —14.8, —17.5 —13.6, —16.4 


Results 


The DNA and the admixed RNA, both prepared according to Levene, 
migrated as one component. The former possessed essentially the same 
mobility alone as in the mixture. The DNA prepared according to Ham- 
marsten migrated with a very sharp boundary whose mobility was 21 per 
cent greater than that of the admixed RNA. Ribonuclease-treated RNA 
yielded a new boundary whose mobility was 21 per cent greater than that of 
the original RNA or of admixed DNA prepared according to Levene. 
Therefore, the Hammarsten DNA possessed essentially the same mobility 
as ribonuclease-treated RNA. When a mixture of these last two sub- 
stances was examined electrophoretically, it migrated in the main as a 
sharp spike with a rapidly spreading base. 

The 21 per cent higher mobility of the Hammarsten DNA and ribonu- 
clease-treated RNA, as compared to DNA and RNA isolated according to 
Levene, is considered to be in good agreement with the five acidic groups 
assigned to the former substances and the four groups ascribed to the latter 
preparations. The reason for the decreased acidity of the alkaline-treated 
Levene DNA is not clear. The fifth acidic group, whatever its nature, may 
be responsible for the considerable particle interaction of the Hammar- 
sten DNA. 

The finding, by means of titration, that ribonuclease liberates acidic 
groups in RNA has been confirmed by means of the electrophoretic tech- 
nique. These groups are not necessarily similar to those of the Hammar- 
sten DNA. _ In this case, however, it is probable that secondary phosphoric 
acid groups have been liberated and, here at least, do not result in increased 
particle interaction. 

Since it appears that both RNA and DNA may possess either four or five 
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acidic groups per assumed tetranucleotide, depending upon the previous 
treatment, it is not surprising that the data in the literature seem somewhat 
inconsistent. It is obvious from the present results that, in the charac- 
terization of different nucleic acids, the treatment in the course of isolation, 
such as the degree of tissue autolysis, reagents used, etc., as well as the 
chemical and physical properties, should be described. 


SUMMARY 


Various nucleic acids have been studied electrophoretically. The effect 
of preparative treatment on electrophoretic mobility, and hence on charge, 
has been demonstrated and discussed. Desoxyribose nucleic acid and 
ribose nucleic acid may possess similar or different charges, depending on 


the method of isolation. 
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Structural studies on biotin in the previous paper (1) showed that the 


molecule probably possessed either structure (I) or (I1). Structure (I) 
appear d to be more acceptable than (II) for the interpretation of experi- 
| 


| mental data, particularly the formation of adipic acid from the oxidation 


() 
( 
NH “NH 
CH; —CH 
CH, “CH—CH.—CH.—CH.—C H.—COOH 
1 
(1) 
() 
( 
NH NH 
CH CH 
CH CH—CH CH,.— CH,—COOH 
S CH 
(II) 


2) of the diaminocarboxylic acid derived from biotin (3). However, since 
the oxidative mechanism of the formation of adipic acid might have in- 
volved the decarboxylation of an intermediary malonie or 8-keto acid 
Acknowledgment is made to the S M. A. ( orporation 1n appreciation of a re 
search grant which has made part of this work possible. 
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derivative from (II), this structure was not eliminated. Evidence from 
additional degradation reactions described herein eliminates structure (II) 
from consideration and establishes the preferred formulation (I) as the 
structure of biotin. 

It was believed that organic sulfides could be cleaved by the Raney 
nickel catalyst in the absence of a hydrogen atmosphere according to the 
equation 

r—s—e Ni), nn + RE 
If this reaction were successful on biotin, the desthiobiotin produced would 
have either structure (III) or (IV) as based upon structures (I) and (II) 
respectively for biotin. Just as the ureido ring of biotin is hydrolyzed (3) 
to the diaminocarboxylic acid, the ureide (III) should yield ¢,-diamino- 


oO 
C 
oy ™% 
NH NH 
| | 
CH- CH 
| | 
CH; CH,CH,CH,CH,CH,CO2H 
(IIT) 


\ 
CH; CHCH,CH,CH,CO,H 
/ 


CH, 
(IV) 
pelargonic acid (V) on hydrolysis, and the ureide (IV) should yield 
5-methyl-e,¢-diaminocaprylic acid (VI). The diamino acids (V) and (VI) 
contain one and two carbon-methyl groups respectively. Thus, a Kuhn- 


NH, NH; NH, NH; 
7 
CH—CH CH—CH 
| wt \ 
CH, CH,CH,CH,CH,CH,CO;H CH, CHCH,CH,CH,CO,H 
Vv) / 
\ CH, 


(VI) 
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Roth carbon-methy]l group determination on the desthiodiaminocarboxylic 
aid so obtained from biotin would quickly differentiate between struc- 
tures (V) and (VI). More positive characterization of the desthiodiamino- 
arboxylic acid could be established by an oxidative cleavage reaction. 
Pimelic acid would be formed, if its structure were (V), and a-methyladipic 
wid would be formed if its structure were (VI). 

Because of the limited amounts of available crystalline biotin, the sulfide 
deavage reaction over Raney’s nickel was tried on “model” compounds. 
The sulfides (VII), (VIII), and (IX), which possess certain structural fea- 
tures of biotin, were cleaved to their corresponding sulfur-free products in 
yields of 65 to 95 per cent on both a macro and semimicro scale. These 
reactions and the results of subsequent studies on sulfur compounds not 
related to biotin are described in detail elsewhere. When biotin methyl 


S—(CH,CH,CH,CH.CO,H),. — 2CH;(CH:);CO.H 
(VII) 
CH;SCH,CH,CHCO,H CH;CH,.CHCO,H 
NHCOCGH; NHCOCGH; 
(VIII) 
CH,;SCH.CH:CH—C==0 CH,;CH.CH—C==0 
NH NCcgH; NH NCeoH; 
ee  F 
C C 
| | 
oO O 
(1X) 


ester was treated similarly, a product containing the same number of carbon 
atoms and 2 added hydrogen atoms and no sulfur atom was obtained. 
Whereas earlier studies had strongly indicated the cyclic nature of the 
sulfide group in biotin, the formation of desthiobiotin provided definite 
proof of it. 

Desthiobiotin methyl ester was hydrolyzed under several conditions by 
aqueous HCI (4), and the corresponding desthiodiaminocarboxylic acid was 
isolated as the dihydrochloride. The Ba(OH): method (3) of hydrolysis 
yielded the desthiodiaminocarboxylic acid sulfate, and this salt was ob- 
tained more satisfactorily than the dihydrochloride. A carbon-methyl 
group determination on the desthiodiaminocarboxylic acid sulfate showed 
the presence of only one such group, which corresponds to structure (V) 


and not (VI). 


' Mozingo, R., Wolf, D. E., Harris, 8. A., and Folkers, K., unpublished data. 
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Oxidative cleavage reactions on the desthiodiaminocarboxylic acid by 
nitric acid and alkaline permanganate gave low yields of mixtures of adipic 
and pimelic acids from which the pimelic acid was not separated satisfac- 
torily on a micro scale. Oxidations with lead tetraacetate and alkaline 
hypochlorite solution were no better, but oxidation with alkaline periodate 
solution gave good yields of crude acid from which pure pimelic acid was 
obtained and identified as such and as its di-p-bromophenacy] ester by com- 
parison with authentic samples of each. 

When the desthiodiaminocarboxylic acid was treated with phenan- 
threnequinone, the quinoxaline derivative (X) was obtained. Again (1), 
the oxidized form (X) rather than the dihydro form (XI) was obtained, as 


CH; CH,CH,CH,CH,CH,CO.H 
(XI) 


shown by analyses and the formation of a characteristic red color with sul- 
furie acid. The compound showed no optical activity in NaOH solution, 
in agreement with structure (I) for biotin. The corresponding produet 
from structure (II) would be expected to show optical activity. That the 
quinoxaline derivative had structure (X) was established by comparing it 
with an authentic specimen synthesized according to the accompanying 
reactions. 

The quinoxaline derivatives of the synthetic and isolated diaminocar- 
boxylic acids were synthesized to facilitate the comparison of the two com- 
pounds, since the quinoxaline derivatives contain no asymmetric carbon 
atoms. In this way the resolution of the synthetic diaminocarboxylic acid 
was obviated. The ultraviolet absorption spectrum of the synthetic com- 
pound was compared with the spectra of the quinoxaline and dihydroquin- 
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‘ 


NaOEt ! 
CH;CCH.CO.C2H; + Br(CH,);CO.C2H; — CH,C—CH—CO.C2H; 


| 
(CH:)sCO.C2Hs 


O O 
} : 
OH C.H OH C,H;ONO 
> CH,C(CH.),.CO.H H > CH;C(CH,)sCO.CeHs — 
OH OH OH 
| | 
O N N N 
; | i | 
NH.OH Ho on H 
CH, C(CH,);CO.C2H —+ CH;C—C(CH:);CO.C2H; > 


Ni 


. . . ; phenanthrene- 
CH, CH—CH(CH,);CO.C2Hs; —> 


quinone 


N N OH (X) 


CH, (CH.);CO:C.H 


oxaline derivatives of 3 ,4-diaminotetrahydrothiophene (1). The curve of 
the synthetic compound was similar to that of the quinoxaline derivative 
of 3 ,4-diaminotetrahydrothiophene, in agreement with the other data that 
the S\ nthetic compound was the oxidized form (X). 

rherefore, the isolation of pimelic acid as the oxidation product of the 
desthiodiaminocarboxylic acid and the synthesis of the quinoxaline deriva- 
tive established structure (V) for the desthiodiaminocarboxylice acid and 
established biotin as 2’-keto-3 ,4-imidazolido-2-t trahydrothiophenevaleric 
acid, as represented by structure (I). In an accompanying paper (5) 
structure (1) has been established for biotin by direct demonstration of the 
presence of a 5-membered sulfur ring with an n-valerice acid side chain 


attached in the a position. 


EXPERIMENTAL 


The biotin methyl ester (m.p. 162—163° corrected, [a] = +55.5°) used 
in these studies corresponded exactly in propert ies to that isolated (6) by 


other methods. 











480 DESTHIOBIOTIN 


Desthiobiotin Methyl Ester (Methyl (4-Methyl-5-imidazolidone-2)-capro- 
ate)—100 mg. of biotin methyl ester were dissolved in 100 cc. of 90 per cent 
ethanol and refluxed with approximately 5 gm. of Raney’s nickel for 5 
hours. The reaction mixture was centrifuged to remove the nickel, which 
was washed with 125 cc. of hot 95 per cent ethanol in five portions, then 
with 35 ec. of hot methanol. The combined eluates were concentrated to 
dryness in vacuo at not over 40°. The residue was taken into about 5 cc. of 
methanol, centrifuged, and the precipitate was washed with an additional 
5 ec. of methanol. The methanol solution was concentrated in vacuo and 
the residue was thoroughly dried. Extraction of the dry material with 
chloroform gave a solution of the crude ester. Insoluble material was col- 
lected on a filter and the filtrate was concentrated in vacuo. The yield was 
85.5 mg. Purification was accomplished by sublimation of the crude 
product at 10-° mm. and 100°. The highest melting point observed was 
69-70°. [a]?® = +2.6° for a 2 per cent solution in chloroform. 

Cy,HepO3N Calculated. C 57.87, H 8.83, N 12.27 


228.3 Found. - oe | COR 


It was observed that desthiobiotin, desthiodiaminocarboxylic acid sul- 
fate, and dihydrochloride had very low positive specific rotations. Even 
though the removal of the sulfur atom destroys the asymmetry at carbon 
atom 2 (I), there is no evidence that partial racemization took place at 
carbon atoms 3 and 4, although the possibility of such a reaction has been 
considered. 

Desthiodiaminocarboxylic Acid Dihydrochloride (¢ ,n-Diaminopelargonic 
Acid Dihydrochloride)—85 mg. of crude desthiobiotin ester were dissolved 
in 15 ee. of concentrated HCI and the solution was heated in a sealed tube at 
200° for l hour. Some darkening occurred with the formation of an insol- 
uble film on the surface of the solution. The insoluble material was col- 
lected on a filter and the filtrate was concentrated in vacuo to dryness 
and then twice concentrated with 1 cc. of water to remove traces of 
HCl. The crude product was dissolved in absolute ethanol, traces of 
insoluble material were collected on a filter, and the clear solution was 
concentrated in vacuo to dryness. Crystals were obtained by dissolving 
the residue in a minimum of methanol, and diluting with about 3 volumes of 
absolute ethanol and then with ether until cloudy. Small clumps of 
crystals of the diamine hydrochloride were obtained. The yield was 61 
mg.; the melting point 180—-182°. [a]” = +4.04° for a 0.75 per cent 
solution in methanol 


CsHwCleN.O, (261.2). Caleulated, C 41.38, H 8.49; found, C 41.36, H 8.66 


Desthiodiaminocarborylic Acid Sulfate (¢ ,n-Diaminopelargonic Acid Sul- 
fate)—20 mg. of desthiobiotin methyl ester were placed in each of eight 
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small test-tubes. To each were added 400 mg. of Ba(OH)e and 2 ce. of 
water. The tubes were sealed and placed in a bath at 140° for 16 to 17 
hours. The contents of the tubes were combined, saturated with COs, and 
the barium carbonate was centrifuged and washed. The total aqueous 
portion was acidified with sulfuric acid until faintly acid to Congo red. The 
barium sulfate was separated and the filtrate was concentrated nearly to 
dryness in vacuo. Addition of methanol gave a crystalline product. The 
yield was 151.5 mg. The crude product was recrystallized by dissolving it 
in a minimum of water and diluting with about 3 volumes of methanol. 
The melting point was 242-243°. [a]?° = +7.75° fora 1.4 per cent solution 
in water. 

CsH2N:0;8. Calculated. C 37.75, H7 

286.4 Found. “ Gai, * ta, * Ore PP 1.88 


Oxidation of Desthiodiaminocarborylic Acid Sulfate (¢ ,n-Diaminopelar- 
gonic Acid Sulfate) with Pertodate—During the preliminary studies of oxi- 
dizing agents and conditions for this oxidation, use was made of the bio- 
logical method for the determination of pimelic acid (7). In the first 
experiments, this bioassay indicated the presence of pimelic acid in the 
crude oxidation products, and in the later ones it aided in the selection 
of the oxidation conditions. 

50 mg. of desthiodiaminocarboxylic acid sulfate were dissolved in 5.5 ce. 
of water. To the solution were added 1.15 cc. of N NaOH and 2.55 ce. of 
0.206 N periodic acid and the mixture was allowed to stand overnight at 
room temperature. Tests with potassium iodide-starch paper after this 
period were positive. The mixture was warmed to 40° for 3 hours and 
finally to 75° for 2} hours to complete the oxidation, or until tests for the 
oxidizing agent were no longer positive. The solution was acidified with 
HCl to Congo red and extracted continuously with ether. The extract 
yielded 22.7 mg. of white solid material. Preliminary purification was 
accomplished by sublimation in a high vacuum, the last sublimed portion 
melting at 95—100°. 

The crude sublimates from the oxidation of three 50 mg. samples were 
recrystallized repeatedly from a mixture of ether and petroleum ether. In 
this way 17 mg. of nearly pure pimelic acid were isolated from the three sub- 
limates. Recrystallization gave pure material melting at 103-104°. A 
mixture of this material with a known sample of pure pimelic acid (m.p. 
103—104°) melted at 103-104°. 


C7H20, (160.2). Calculated, C 52.49, H 7.56; found, C 52.71, H 7.72 


For further identification the p-bromophenacyl ester was prepared. The 
pure ester melted at 137.5-138.5°. A mixture of the compound with a pure 











182 DESTHIOBIOTIN 
known sample of p-bromophenacy! pimelate (m.p. 137—137.5°) showed no 
depression of the melting point. 


CoeHoeBreO, (554.3 Calculated, C 49.84, H 4.00; found, C 50.14, H 4.24 


sy fractional crystallization from ether-petroleum ether a trace of crude 
adipic acid was obtained melting at 144.5-150°. The melting point of a 
mixture of this substance with adipic acid (m.p. 150.5—-151°) was 148-150°, 

Daihe nzoq wnoxaline Derivative of Desthiodiaminocarbo2 ylic Acid (2-Meth- 
yl-3 dibe nzoquinoxalinecaproic Acid)—50 mg. of desthiodiaminocarboxylie 
acid sulfate were converted to the free diaminocarboxylic acid by treatment 
with the calculated amount of Ba(OH),. The desthiodiaminocarboxylie 
acid was dissolved in 15 ec. of ethanol and 43 mg. of phenanthrenequinone 
were added to the solution. The solution was refluxed for 10 hours on the 
A small amount of insoluble material was removed by filtra- 


tion and the filtrate was concentrated to 2 ce. in vacuo. On addition of 3 


water bath. 
ec. of water a crystalline material separated. This was washed twice with 
an alcohol-water mixture and dried. The material, 47 mg., m.p. 182—186°, 
was recrystallized from alcohol-water. The recrystallizec’ compound, 
14 mg. of pale yellow micro plates, melted at 186-187°. With sulfurie acid 
the compound produced a deep red color. A 0.9 per cent sojution of the 
compound in 0.04 :; NaOH showed no optical activity in a 2 dm. tube. 


C2;H2:0:N:. Calculated. C 77.06, H 6.19, N 7.82 
358.4 Found “ 77.39, “ 5.95, “ 8.14 


n-Ketopelargonic At rd The e-bromocaproic acid was prepare a act ording 
to the general method of Marvel and coworkers (8). 133.9 gm. of ethyl 
acetoacetate were dissolved in ethanol to which 23.7 gm. of sodium had been 
added. A little sodium iodide was added and, after the solution had been 
heated to boiling, 250 gm. of ethyl e-bromocaproate were added. The 
solution was refluxed for several hours, the alcohol was distilled, and the 
product was dissolved in ether and was washed with water to free it from 
sodium bromide. The product was distilled under reduced pressure; b.p. 
144—148° at 0.9 mm.; yield 188 gm. (64.5 per cent 

2.3 gm. of the ester were dissolved in diethylene glycol to which had been 
added 8 gm. of NaOH dissolved in the minimum quantity of water. This 
solution was warmed on the steam bath for 30 minutes and the precipitate 
of sodium carbonate was separated. The mixture was poured into acidified 
water and extracted with chloroform and benzene. The extract was dried, 


concentrated, and distilled; b.p. 135° at 0.9 mm.; m.p. 39-40". 


- > 


CgH,.O; (172.2 Calculated, C 62.76, H 9.37; found, C 62.33, H 9.33 


Ethyl ¢ ,n-Dioximinopelargonate—Since it was found that the above keto 
acid was partially esterified by the action of ethyl nitrite and HCl, it was 
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first esterified and then nitrosated. The acid was dissolved in an excess of 
ethanol and after the addition of 1 ec. of concentrated HeSO, the solution 
was refluxed for 4 hours. The solution was concentrated, washed with 
water, and distilled; b.p. 91-96° at 0.4 mm. 


C);HaeAs3 (200.3 Calculated, C 65.97, H 10.07; found, C 65.99, H 9.90 


The keto ester was nitrosated by a procedure similar to a method de- 
scribed (9). 4 gm. of the keto ester were dissolved in a little ethanol and 
i drop of concentrated HC] was added. The solution was heated to 45-50° 
and 1.54 gm. of ethyl nitrite were added; the temperature was kept near 
50°. The solution was allowed to stand until there was no longer a test for 
nitrite. It was then treated with 2 equivalents of hydroxylamine hydro- 
chloride and 3 gm. of sodium acetate. After the solution had been heated 
fer 30 minutes on the steam bath and diluted with water, the dioximine 
erystallized. It was reerystallized from benzene and then from methanol 
and water; m.p. 107-108". 


C,, HeO.N Calculated C 54.08, H 8.25, N 11.47 
244.3 Found. * Bes, * 7a,” Le 


53.46, ** 8.03 


Ethyl ¢,n-Diaminopelargonate—6.1 gm. of the dioximino ester were dis- 
solved in 50 cc. of methanol and 100 ec. of liquid ammonia and hydrogen- 
ated over 3 gm. of Raney’s nickel at 50-55° and 140 atmospheres for about 
2hours. After removal of the catalyst by filtration, the ammonia was re- 
moved by concentration under reduced pressure. The residue (3 gm.) was 
dissolved in 50 ce. of ethanol and treated with sulfuric acid until just acid to 
Congo red, when the sulfate crystallized; m.p. 274° with decomposition. 


(oH..O;N;8S. Caleulated. C 42.02, H 8.34, N 8.91 


285.4 Found ** 41.48, © 8.12, *° 9.13 


Ethyl 2-Methyl-3-dibenzoquinoralinecaproate—0.005 mole of ethyl ¢,7- 
diaminopelargonate was refluxed overnight with 0.52 gm. of phenanthrene- 
quinone in 16 ec. of ethanol. The solution was filtered and concentrated to 
dryness. The gummy residue was crystallized from alcohol and water; 


m.p. 78-79°. The crystals gave a red color with sulfuric acid. 
CosHogNoOv. Calculated. C 77.69, H 6.77, N 7.25 
86.5 Found “ 7742, “ 63," 728 


Z Vethul 3-dibe nzoquinoxralinecaprovc Acid This acid was prepared by 
the hydrolysis of the ethyl ester (60 mg.) with 1 equivalent of NaOH in 
water, and by the direct condensation of the ¢,7-diaminopelargonic acid 
with phenanthrenequinone. After crystallization from ethanol the melt- 
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ing point of the compound was 186-187°. A mixture of this compound 
with the quinoxaline derivative of the desthiobiotin prepared from biotin 
melted at 186-187". 


Cy,;H»N2O Caleulated. C 77.06, H 6.19, N 7.82 
358.4 Found. “Tia, °”6—6hFCrm,” ER 


The coworkers at Cornell University Medical College wish to express 
their appreciation to Dr. J. R. Rachele for microanalyses and to Miss 
Eleanor Hague for the pimelic acid assays. 

The coworkers in the Merck Research Laboratory wish to acknowledge 
the valuable assistance of Mr. Rickes and Mr. Chaiet on the isolation of 
biotin, Dr. J. L. Stokes and assistants for microbiological assays, Mr. 
Anderson and Mr. Easton on synthetic work, Mr. Hayman, Mr. Clark, 
and Mr. Boos for microchemical analyses, and Mr. Bastedo, Jr., for the 
ultraviolet absorption determination on the 2-methyl-3-dibenzoquinoxa- 
linecaproic acid. 

SUMMARY 

Treatment of biotin with Raney’s nickel catalyst cleaves the sulfur atom 
and 2 atoms of hydrogen are added. Hydrolysis of this desthiobiotin in 
acid or alkaline solution gave the corresponding desthiodiaminocarboxylic 
acid which on oxidation with periodate yielded a dibasic acid identified as 
pimelic acid. By treatment with phenanthrenequinone the desthiodiamin- 
ocarboxylic acid was converted to the corresponding quinoxaline derivative 
which agreed in all its properties with the synthetically prepared compound. 

The formation of pimelic acid by oxidation of desthiobiotin and the iden- 
tity of the synthetic quinoxaline derivative with that obtained from 
desthiobiotin, in conjunction with other published data, establishes the 
structure of biotin as given in the accompanying formula. 


O 
}. 

NH NH 

| | 

CH CH 

| | 

CH, CH—CH,—CH,—CH,— CH,—COOH 
“3” 
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Studies on the structure of biotin, CijpH1603N28, have led us to the conelp- 
sions that biotin contains a cyclic urea structure (1, 2), that the sulfur is 
present in a thio ether linkage (1), and that the carboxyl group of biotin is 
present most probably in an n-valerie acid side chain (3). Furthermore we 
have recently presented evidence to show that the urea ring is 5-membered, 
and that each of the carbon atoms attached to the amino groups in the 
diaminocarboxylic acid derived from biotin also carries a hydrogen atom 

1). On the basis of these data we have suggested that the most likely 


() 
i] 
C 
NH NH 
| | 
CH CH 
| | 
CH CH—CH.—CH.—CH CH COOH 


structure of biotin is that expressed by formula (I). Evidence for the 
presence of an n-valeric acid side chain in biotin was based on the isolation 
of adipic acid as one of the oxidation products of the diaminocarboxylic acid 
derived from biotin (3). However, as we have pointed out (3), if the adipic 
acid were to arise through the decarboxylation of an intermediary malonic 
or 8-keto acid formed during the oxidation, then another structure would 


be possible, as expressed by formula (II). 

Che authors wish to express their appreciation to the 8. M. A. Corporation for 
i research grant which has aided greatly in this work. They also wish to thank Mr. 
W.O. Frohring and the Research Staff of the 8S. M. A. Corporation and Dr. R. Major 
ind the Research Staff of Merck and Company, Inc., for supplies of biotin. 
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O 
| 
Cc 
/ \ 
NH NH 
| | 
CH —CH 
CH, CH—CH,—CH;, -CH,- COOH 
a 
S CH, 


(II) 


It is the purpose of this paper to describe experiments which offer direct 
proof of the existence of a 5-membered sulfur ring in biotin with an n-valeric 
acid side chain attached in the a position, thus affording conclusive evi- 
dence that formula (I) represents the correct structure of biotin. In an 
accompanying paper the same conclusion is arrived at through a study of 
desthiobiotin (5). 

As we have earlier stated, we suspected that the diaminocarboxylic acid 
derived from biotin was a 3 ,4-diaminotetrahydrothiophene derivative. It 
was realized that if this were true one might be able through degradation to 
arrive at a thiophene derivative which could readily be met by direct syn- 
thesis to establish its structure. We early investigated exhaustive methyl- 
ation as a possible method of approach. Preliminary experiments with 
methyl iodide and with dimethyl sulfate yielded no isolable products. 
When larger amounts of biotin became available, methylation of the 
diaminocarboxylic acid with dimethyl sulfate and alkali was tried on a 
larger scale. We were unable to isolate any crystalline methylation prod- 
uct, and decomposition of the methylation mixture under various conditions 
of temperature and alkalinity caused the liberation of much trimethylamine 
but produced little or no material of the desired physical and chemical 
properties. However, it was found that methylation mixtures which had 
been acidified with HCI and refluxed contained small amounts of an ether- 
soluble oil which on distillation yielded an acidic, sulfur-containing crystal- 
line fraction. In this way, from 50 mg. samples of the diaminocarboxylic 
acid sulfate we have obtained each time approximately 1 mg. of crystals, 
m.p. 40-41°. Variations in the conditions of methylation did not increase 
the yield. It is possible that methylation of the thio ether to a methy] sul- 
fonium derivative may have occurred, and decomposition of this derivative 
might take place in several ways. In this respect it is of interest that the 
methy! sulfonium base of a-methyl tetrahydrothiophene readily undergoes 
ring fission (6). 

On the hypothesis that formula (I) expresses the correct structure for 
biotin, and that therefore the expected product from an exhaustive methyl- 
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ation would be 6-(a-thienyl)-valeric acid, we synthesized this acid from 
thiophene and glutaric anhydride by the method used by Fieser and Ken- 
nelly (7) to synthesize y-(a-thienyl)-butyric acid. The position of the side 
chain was shown, as indicated in the accompanying equations, by oxidation 








40k 
30F 
kK m I 
. 
20F 
10} 
i i L. L 
250 240 230 220 
(Mp) 


Fig. 1. Ultraviolet absorption spectra of (Curve I) the compound isolated from 
biotin, (Curve II) synthetic 8-(a-thienyl)-valeric acid in 95 per cent alcohol. The 
wave-length is plotted against the specific extinction, k (k = E/cd, where E = ex- 
tinction, c = concentration in gm. per liter, and d = cell thickness in cm.). 


of the intermediary y-(a-thenoyl)-butyric acid to a-thiophenic acid which 
melted at 125-126°. 
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The synthetic 5-(a-thieny])-valeric acid showed the same crystalline form, 
solubilities, and melting point (40-41°) as the compound isolated from the 
methylation of the diaminocarboxylic acid from biotin. A mixture of the 
isolated and synthetic compounds showed no depression of the melting 
point. Both compounds gave a deep blue-green color with Liebermann’s 
nitrite-sulfuric acid reagent, and a slowly forming purple color with isatin- 
sulfuric acid reagent. An ultraviolet absorption study in the range 212 to 
100 mu showed a single absorption peak at 234 my in both cases, as shown 
in Fig. 1. Carbon-hydrogen analyses on the isolated material were in 
agreement with the calculated values for 6-(a-thienyl)-valeric acid. All 
these data demonstrate that the isolated compound is 6-(a-thieny])-valerie 
acid. The conditions under which this compound is formed from the 
diaminocarboxylie acid derived from biotin minimize the possibility of 
its formation through any deep seated rearrangement. The formation, 
therefore, of 6-(a-thienyl)-valeric acid from biotin, in conjunction with our 
other published data, justifies the conclusion that the structure expressed 
by formula (1 represents the structure of biotin. 


EXPERIMENTAL 


Methylation of Diaminocarborylic Acid—50 mg. of diaminocarboxylic 
acid sulfate (1) were dissolved in 1 ec. of water and the solution was made 
alkaline to phenolphthalein by the addition of 0.5 ec. of 6.8 per cent KOH 
solution. There were then added with stirring 245 mg. of dimethyl] sul- 
fate in sixteen portions, along with 1.6 ec. of KOH solution in sixteen 
portions. The clear solution was acidified by the addition of 2 ec. of con- 
centrated HCl and was refluxed for 2 hours. The solution on cooling 
became slightly turbid and the reflux condenser contained small amounts 
of ether-soluble material. The apparatus was washed out with ether and 
the aqueous solution was extracted continuously with ether for 2 hours. 
The ether extract contained 2 mg. of a vellow oil which was distilled under 
an oil pump vacuum. At 55° a colorless liquid distilled which on cooling 
crystallized in long needles. The yield was approximately 1 mg., m.p. 
10-4] A deep blue-green color was produced by treatment of the com- 
pound with Liebermann’s nitrite-sulfuric acid reagent. With isatin- 
sulfuric acid reagent a slowly forming purple color was produced. A 


qualitative test showed sulfur to be present. 
C,H,.0.8 (184.2). Calculated, C 58.70, H 6.52; found, C 58.99, H 6.83 
Synthesis of 6-(a-Thie nyl)-vale ric Acid—The method used by Fieser and 
Kennelly (7) for the preparation of the lower homologue of this acid was 
used. From the Friedel-Crafts reaction, with 20 gm. of thiophene and 
25 gm. of glutaric anhydride, we obtained 12 gm. of y-(a-thenoy])-butyric 
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acid, m.p. 92-94°. Reduction of 9 gm. of this keto acid with Zn and HCl 
yielded a yellow oil. Distillation of the oil at 145-150° and 3 mm. gave 
3 gm. of a colorless liquid which crystallized in long needles on cooling. 
Redistillation of this compound yielded pure 6-(a-thienyl)-valeric acid, 
m.p. 40-41°. The neutral equivalent found was 182, in agreement with 
the calculated value of 184. 
CoH».O0.8. Calculated. C 58.70, H 6.52, 8 17.41 
184.2 Found. ** 58.90, °° 6.58, * 17.22 

100 mg. of the y-(a-thenoyl)-butyrie acid were oxidized with alkaline 
permanganate by the method of Voerman (8). The oxidation product was 
erystallized three times from water and sublimed in vacuo. The melting 
point of the sublimate (125-126°) agreed with that given in the literature 
for a-thiophenie acid (126.5 

The color reactions of the synthetic 5-(a-thienyl)-valeric acid with 
Liebermann’s reagent and with isatin-sulfuric acid were the same as those 
observed with the compound isolated from biotin. A mixture of the 
synthetic 4-(a-thienyl)-valeric acid with the compound isolated from biotin 
melted at 40-41 

Ultraviolet Absorption Spectra—The ultraviolet absorption character- 
istics of the synthetic 6-(a-thienyl)-valeric acid and of the compound iso- 
lated from the methylation experiment were studied in the region 212 mu 


to 400 my with the aid of a Beckman quartz spectrophotometer. A dis- 
tilled sample of the isolated compound weighing 0.173 mg. was used for 
this purpose. The solvent used was 95 per cent ethanol and the tempera- 
ture was about 21°”. The concentrations of the isolated and synthetic 


samples were 0.00692 and 0.00586 gm. per liter, respectively. The cell 
thickness was 1 em. Both compounds showed an absorption peak at 
234 mu. In Fig. 1 the specific extinction cor fficients (7.e., extinction per 
unit concentration and unit cell thickness) of both compounds are plotted 
against the wave-length in the range of the absorption peak. The differ- 
ence in the heights of the absorption peaks may be due in large part to 
the experimental error in weighing the small sample of isolated compound, 
and also the possible presence of small amounts of impurities. 


The authors wish to express their appreciation to Dr. Julian R. Rachele 
of this laboratory for carrying out the microanalyses. 
SUMMARY 
Methylation of the diaminocarboxylic acid from biotin with dimethyl 
sulfate and alkali, and treatment of the product with hydrochloric acid, 
results in the formation of 6-(a-thienyl)-valeric acid, identical in all its 
properties with the synthetically prepared compound. 
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The formation of this compound from a degradation product of biotin, 
in conjunction with our other published data, establishes the accompanying 
structure for biotin, 2’-keto-3 ,4-imidazolido-2-tetrahydrothiophenevaleric 


acid. 
O 
! 
Cc 
’ foam.” 
NH NH 
CH CH 


CH, CH—CH;—CH,—CH;—-CH,—COOH 
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THE BENZOYLATION AND RESOLUTION OF ALANINE 


By MILTON LEVY anno ALBERT H. PALMER 


(From the Department of Chemistry, New York University College of Medicine, 
New York) 


(Received for publication, September 24, 1942) 


Fischer (3) resolved synthetic alanine in the form of its benzoyl deriva- 
tive. Recently several publications have contained comments on the 
benzoylation and resolution of this amino acid (1, 2, 5). Our interest, 
arising from the need for synthetic substrates for use with chick embryo 
extracts (4), resulted in the modifications of the preparation of benzoyl- 
alanine and in certain observations on the optical activities of the products 
recorded below. 

Benzoylation of dl-Alanine—Benzoylation of alanine has been accom- 
plished in the presence of excess NaHCO; (3, 5) as well as in the presence 
of excess NaOH (1) with benzoyl! chloride as the acylating reagent. Addi- 
tion of HCl precipitated a mixture of benzoic acid and benzoylalanine 
from which the benzoic acid was removed by extraction with petroleum 
ether. 

We have found it convenient to use theoretical quantities of NaOH and 
to increase the concentration of reactants during benzoylation. By using 
known amounts of alkali, most of the benzoic acid may be precipitated by 
addition of the calculated quantity of HCl, leaving the benzoylalanine in 
solution as the Na salt. A typical protocol of preparation follows. 

Synthetic alanine (22.5 gm., 0.25 mole) was dissolved in NaOH (62.5 ml. 
of 4.00 nN, 0.25 mole) and placed in a 500 ml. three-necked flask fitted with a 
stirrer and thermometer. The flask was immersed in an ice-salt bath until 
the temperature dropped to 3°. Benzoyl chloride (0.5 mole) and NaOH 
(187.5 ml. of 4.00 m, 0.75 mole) were added alternately in ten equal instal- 
ments each, so that the temperature remained below 20°. This required 
approximately 5 minute intervals. Stirring was continued an hour longer. 
The solution now contained, by calculation, 0.25 mole of Na benzoylalanine, 
0.25 mole of Na benzoate, and 0.5 mole of NaCl. Hydrochloric acid (62.5 
ml. of 4.0 m, 0.25 mole) was added and the mixture kept at 5° overnight. 
The precipitate of benzoic acid weighed 22 gm. and had a titration equiva- 
lent of 125 (theory, 30 gm., equivalent 122). The mixture of filtrate and 
washings (total volume 450 ml.) was heated to boiling and an excess of 
concentrated HC] was added to the hot solution. After being cooled over- 
night at 5° the precipitate was collected, washed with cold water, and 
dissolved in 300 ml. of hot water containing 0.225 mole of NaOH. After 
cooling to 5°, a slight precipitate was removed and the filtrate was heated 
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and then acidified to Congo red. After 18 hours refrigeration, the precipi- 
tate was collected and dried at 100°. It weighed 43 gm. and had a titration 
equivalent of 183 (theory, 48 gm., equivalent 192). One recrystallization 
from 500 ml. of hot water gave 38 gm. (79 per cent) ol material with the 
theors tical titration equivalent and accepted melting point 

Resolution of dl-Benzoylalanine—Our experience with the resolution of 
benzoylalanine by means of brucine and strychnine agrees with that of 
Dunn (2). The S¢ heme proposed and used by Pope and Gibson 6) is as 
effective and more economical of alkaloids than that used by Pacsu and 
Mullen (5). 

Optical Activity of Benzoylalanines—Because of the low solubility of 
benzoylalanine in water (about | gm. per 100 ml.) the specific rotation is 
taken after the acid has been dissolved in an equivalent of alkali. Pacsu 


and Mullen (5) state that the value of [a varies with the concentration 





aa 
— 
| 





Fig. 1. Specific rotation and concentration of benzovlalanine in alkal Solvent 
@ equiy ilent NaOH, equiv ilent KOH »P equivalent KOH, data of Paesu and 
Mullen (5) lhe vertical line through each point indicates the uncertainty of [a] 
Curves I, II, and II] are plotted from Equations I, II, and II] 


of benzoylalanine. In their Table I, figures are given which purport to 
show that 1 log [a], is a linear function of 1] q where gq represents the gm. of 
benzoylalanine present as potassium salt in 10 ml. of solution. Evidently 
another relationship is considered valid too, for in the foot-note to their 
Table I they state, “The rotation of a quantity (g) of benzoylalanine is 
calculated from the equation, n 3.700 1/q)/0.095, where n represents 
the change of rotation in 0.1° units over the value [a], = 34.8°.” The two 
relationships may be transformed by appropriate algébraic manipulations 
into the equations 

a 87 1.05/q (I) 


l/log fa 0.6290 + 0.0053 /g (II) 


In spite of the evident mathematical incongruity, both equations fit the 
data of Pacsu and Mullen (5) very well. In fact, the fit is considerably 














ol 


br 


ipi- 
‘ion 
‘ion 
the 


of 


t of 


ind 


CSU 


10n 





M. LEVY AND A. H. PALMER 495 


better than would be expected from the uncertainty of 0.02° usually as- 
cribed to polarimeter readings. Our own measurements over a wider 
range of concentrations fit neither of these equations, and we feel that both 
should be discarded. 

In Fig. 1, three sets of data are plotted. These are (1) the data of 
Pacsu and Mullen as set forth in their Table I, (2) a similar set obtained 
with our own material, in which each solution was made independently 
with KOH as the alkali, and (3) a more extensive set of data obtained 
from solutions prepared by successive dilutions of the most concentrated 
one and in which the alkali was NaOH. A vertical line is drawn through 
each point to indicate the uncertainty of [a], resulting from the uncer- 
tainty of +0.02° ina. The tubes used were 0.5, 1.0, and 2.0 dm. in length, 
depending on the concentrations of the solutions. A calculated line for 
Equations I and II and a straight line which we think best represents the 
data are drawn. The equation of the straight line is 

falp = 35.2+1.0 9 (III) 
The temperature in our experiments was 22—25°; presumably Mullen and 
Pacsu worked at nearly the same range, although the temperature is not 


stated 

Optically Active Alanines—The hydrolysis of the optically active ben- 
zovlalanines and isolation of the d- and /-alanines were conducted essen- 
tially as indicated by Pacsu and Mullen (5). Dunn (2) quotes several 


sources to indicate that the optical activity of alanine in N HCl is con- 
siderably highes than the figure reported by Pacsu and Mullen (+10.3°). 
From the data which they give we calculate +14.55° in agreement with 
our own value and that of others quoted by Dunn (2). The figure given 
by Pacsu and Mullen results if in the calculation the weight of alanine 


A « 


hydrochloride formed is used instead of the weight of alanine dissolved. 
SUMMARY 

A modified method of preparing and purifying dl-benzoylalanine is given. 

The optical activity of benzoylalanine in an equivalent of alkali varies with 

the concentration g (in gm. per 10 ml.) according to the equation 


la], 35.2 + 1.0 g. The optical activity of alanine in excess HCl is 
la]< 14.5°, the sign of the rotation being opposite in sense to the 
configuration. 
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THE FATE OF OXALIC ACID ADMINISTERED TO THE RAT* 


$y WILLIAM H. ADOLPH anp CHIH-CHUAN LIANG 


From the Department of Chemistry, Yenching University, Peiping, China 
(Received for publication, September 28, 1942) 


Recent reports showing the presence of oxalic acid in spinach and other 
leaf vegetables (10, 11, 16, 17) have created an interest in the behavior of 
oxalic acid in metabolism. Some study has been made of the influence 
of calcium oxalate and of spinach in the diet upon calcium metabolism 
(2, 3, 6, 7, 11, 13). Experiments recording the excretion of oxalic acid 
after administration of sodium oxalate or oxalic acid have been reported 
for the dog (14), for the guinea pig (4), for the rabbit (8, 9), and for man 
(9), with rather wide variations, however, in the results reported. We 
are recording here observations on the manner in which oxalic acid is ex- 
ecreted in the rat when oxalate is administered per os and also when in- 


jected subcutaneously. 


EXPERIMENTAL 

Six albino rats from the Yenching stock colony weighing about 200 gm. 
were placed in the glass jar metabolism cages used in previous experiments 

1), cages designed to facilitate a clear cut separation of urine and feces. 
All metabolism periods were 4 days in length. The experiment was ex- 
tended over fifteen consecutive 4 day periods. The basal diet, shown in 
Table I, was low in calcium and phosphorus and was fed as a control diet 
in Period 1. It was made of a pasty consistency to avoid scattering. This 
same diet had also been fed for a 4 day preexperimental period. In the 
succeeding periods, this diet was supplemented (Period 2) by calcium lac- 
tate plus sodium oxalate in equivalent proportions (Diet 1), and (Period 
6) by sodium oxalate alone (Diet 2), and finally (Period 10) by injecting 
subcutaneously 1 ml. of solution daily, containing 27.2 mg. of sodium oxa- 
late, the injection, however, being limited to the first 2 days of this period. 
Our previous experience had shown that rats on a calcium-free diet could 
be fed as much as 100 mg. of sodium oxalate without toxic effects. The 
rats, with the exception of one animal which died in Period 10, remained 
healthy throughout the experiment and continued to gain in weight. 

At the end of each 4 day period the glass cage was washed twice with 
distilled water acidified with hydrochloric acid and these washings were 
added to the urine, the total volume being kept within 100 ml. The feces 
for each period were dried at 55-60° for 24 hours and the dried weight re- 
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corded. They were then ground in a micro mill to pass a 40 mesh sieve 
and preserved for analysis. Aliquots of both urine and feces were analyzed 
for calcium and for oxalic acid. For calcium, the samples were ashed in 
silica dishes and the determination made by the method of Kramer and 
Tisdall (12). The oxalic acid was determined as indicated belo 


Method for Oxalic Acid—After an extended study of the various methods 
proposed and their modifications, the method of Dakin (5), involving ex- 
traction of the oxalic acid with ether, was adopted. An extraction appa- 
ratus similar to that recommended by Palkin et al. (15) was employed, 


designed to extract 5 ml. of the liquid sample. Urine samples were depro- 

teinized with trichloroacetic acid, and calcium added to precipitate the 

oxalate, which was dissolved in hydrochloric acid and added to the ex- 

tractor. Separations in each case were made by the centrifuge instead 
TABLE | 


(‘on pos lion of Die ls 


Basal diet Diet 1 

Der cen c ’ ¢ 
Starch 17.5 17.5 7.5 
Cellulose 2.5 2.0 2 
Casein® 12 12 2 
Lard 25 25 5 
Salt Mixture 4f 2 2 2 
Cod liver oil 5 5 
Yeast 5 5 5 
Sodium oxalate 0 1.31 1.31 
Calcium lactate 0 , OO 
Oxalic acid content 0 0&8 () 8&8 

0.085 0.475 0 O85 


Calcium content 


* Glaxo Laboratories, casein A 
t+ NaCl 105, KC] 290, MgSO, 90, FeSO,-7H.O 18, NaF 0.57, CuSO,-5H.O 0.39, 
MnS0O, 0.20, KAI(SO,).-12H.0 0.09, KI 0.05. 


of filtering. Feces samples were treated with 2 N hydrochloric acid for 
about 18 hours with frequent stirring, and the clear solution was placed 
in the extraction apparatus. The ether in the extractor was made slightly 
alkaline with sodium hydroxide. About 5 hours were usually required for 
complete extraction. 3 ml. of water were then added and the ether was 
distilled off; the oxalate was finally precipitated as calcium oxalate and 
determined in the same manner as the calcium above. Control determina- 
tions with 2 to 3 mg. quantities of oxalic acid both in water solution and 
when added to urine and feces showed consistent recoveries of 100 + 3 
per cent. To prevent decomposition of the oxalic acid in the metabolism 
cages, a small amount of toluene was added to the urine. Control experi- 
ments with the empty cages to which were added known amounts of oxa- 
late showed no evidence of decomposition of oxalic acid in the cages. 
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Fy |. Partition of exogenous oxalic acid for one rat, in 4 day periods. The rat 
ceived the following as indicated at A, B, and C respectively: Period 2, Diet 1, 
taining Ca + sodium oxalate ( = 495 mg. of oxalic acid); Period 6, Diet 2, con- 
taining sodium oxalate only 253 mg. of oxalic acid); Period 10, the basal diet + 
sodium oxalate by subcutaneous injection ( = 36 mg. of oxalic acid) In the other 
he basal diet onlv was fed 
PaB.e [I] 
{verage Recovery of Oxalic Acid after Administration of Sodium Oxalate 


Each period is 4 days in length; the oxalate intake is recorded in terms of its 


} ent in oxalic acid 
Period as —— Oxalic Oxalic acid recovered 
Die acid 
N rats ntake . : " 
— Urine Feces Total 
me me per cent meg per cent meg. per cent 
| Basal diet 6 0 3.9 0 3.9 
| 9 5 Diet | containing 6 106 16t 3.9 325 80.0 (341 84.0 
Ca and oxalate 
6- 9 Diet 2 containing 6 208 60+ 29.0 1) 19.0 100 48.0 
10-15. Basal diet ( + sodi 5 36.5 15.4¢ | 42.4 0 15.4 | 42.4 
um oxalate In 
ected 
* Diet | was fed in Period 2 only, followed by the basal diet in Periods 3 to 5. 
Diet 2 was fed in Period 6 only, followed by the basal diet in Periods 7 to9. Sodium 


xalate was injected on first 2 days only of Period 10 
+ Exogenous oxalic acid only; this figure represents total oxalie acid less that 


excreted on the basal diet 
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Re » ult s 


The complete metabolic data for one of the animals are shown in Fig. 1, 
which is typical of the results obtained for all six animals. All data on 
the oxalate metabolism are calculated in terms of oxalic acid. In Tables 
[II and III are assembled the summarized metabolism data for both oxalie 


acid and calcium. 


TABLE III 
Ave rage Rec ery of Calcium afte r Administration of Sodium Oxalaile. fo Ex pe mental 


Periods and Diets As Indicated in Table II 


: Ca im ered 
Pe Caicium — 
N intake* i im retainec 
l Fe I 
mm ” ¢€ en ” er en ” p ”" ber cen 
1 6 2.9 3.7 6.6 2 0 
9-5 919.0 9 8 1.5 128 .2 58.5 138 .0f 63.0 LO] 37.0 
6-9 20). | 6.3 14.6 20.98 V8 
teprese nts calcium in the basal diet except in Period 2, when Diet 1 was fed. 


containing 3 per cent of caicium lactate 


t Includes endogeno is calcium excretion.’’ 


| 


t This figure may be compared with the figure 325 mg., the amount of oxalie acid 
found in feces (Table I] 144 mg. of Ca 
§ This figure may be compared with the figure 40 mg., the amount of oxalic acid 


found in feees (Table I] 17.5 mg. of Ca 


DISCUSSION 


The data show an average excretion of 3.9 mg. of oxalic acid per 4 day 
period (approximately | mg. per day) for the 200 gm. rat when fed an oxa- 
late-free diet. We were, however, primarily interested in the extent to 
which oxalic acid can be recovered in the animal organism and the question 
of the fate of oxalic acid when fed or injected. The amount of oxalate, 
reckoned as oxalie acid, which we have administered for this purpose was 
from 20 to 100 times the amount of this endogenous excretion. 

It is evident from the results obtained that the partition of exogenous 
oxalic acid between urine and feces depends primarily on the calcium con- 
tent of the diet, calcium tending to detoxicate oxalic acid fed per os by 
forming insoluble calcium oxalate which is then excreted via the colon. 
Our experiments indicate that when equivalent amounts of calcium and 
oxalic acid are fed, 80 per cent of the oxalic acid can be accounted for in the 
feces, largely as calcium oxalate. Kohman (11) feeding calcium oxalate 
recovered from 34 to 73 per cent in the feces. 

When rats were fed sodium oxalate with a low calcium diet, we were 
able to account for a total of 48 per cent of the oxalate fed, 29 per cent being 
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found in the urine. Among recent experiments on the feeding of oxalic 
acid with various types of diets are those of Orzechowski and coworkers 
14) who report a recovery in the urine of 80 per cent in the dog, Borgstrém 
1!) with recoveries of 14 and 35 per cent in guinea pigs, Fraschentrager 
and Miiller (8) who recovered 30 per cent in a rabbit, and Herkel and Koch 
9) who fed 0.5 gm. to four human subjects and recovered about 5 per cent 
in the urine. We are omitting mention of data from experiments reported 
in the earlier literature, in many of which less accurate methods for the 
determination of oxalie acid were used or in which complicated diets of 
unknown calcium content were employed. 

[In no case have we obtained a complete recovery of the oxalic acid fed. 
It would appear then that some oxalic acid disappears in the body and this 
could be explained as due either to the destructive action of microorganisms 
in the intestine or to a definite oxidation within the body. It was to elim- 
inate this first factor that we injected the oxalate, with the results indicated 
in Table II, Periods 10 to 15. To provide for the possibility that a portion 
of the oxalic acid might be temporarily retained in the body and excreted 
very slowly, we continued the collection of urine and determination of its 
oxalic acid content for a total of six periods (24 days), but were able to 
account in the urine for an average of only 42 per cent of that injected. 
Borgstrém (4) and Fraschentriger and Miiller (8) likewise injected oxalic 
acid, using guinea pigs and rabbits, and they report recoveries of 96 and 
77 per cent in the urine, respectively. Herkel and Koch (9), on the other 
hand, in experiments with rabbits find that the injected oxalic acid reap- 
pears only in part in the urine if at all. Our results suggest that in the rat 
the organism is able to utilize or otherwise dispose of part of the oxalic 
acid administered. 

It may be noted from the data obtained (Table II, Periods 2 to 5) that, 
even when calcium is fed in a quantity equivalent to the amount of oxalate 
in the diet, an appreciable portion of the oxalic acid may be absorbed. It 
is shown furthermore that on an oxalate-free diet (Period 1) there is a 
small and fairly regular endogenous excretion of oxalic acid in the urine 
and none in the feces. When oxalic acid is either fed or injected, excretion 
of urinary calcium, as shown in Fig. 1, is reduced to a low and rather defi- 
nite level. Apparently there is no danger, as suggested by Kohman (11), 
of removing calcium from the organism when oxalic acid is included in 
the intake. 

SUMMARY 


Sodium oxalate has been administered both orally and by injection to 
rats fed a synthetic diet and the partition of the oxalic acid between 
urine and feces determined. The endogenous excretion of oxalic acid in 


the rat is about 1 mg. per day. 
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Oxalic acid fed per os may be absorbed even in the presence of calcium, 
the amount absorbed being greater on a low calcium diet. When sodium 
oxalate was fed, an average of 29 per cent of the oxalic acid was recovered 
in the urine. 

When injected, an average of 42 per cent was excreted in the urine 
In no case was the recovery of the oxalic acid complete. It is suggested 
that in the rat the organism is able to oxidize or otherwise dispose of 


part of the oxalic acid administered 
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THk EFFECT OF DICARBOXYLIC ACID ADMINISTRATION 
UPON THE EXCRETION OF TYROSINE METABOLITES 
BY THE GUINEA PIG 


By ROBERT RIDGELY SEALOCK 


(From the Department of Vital Economics, The University of Rochester, Rochester, 
Ne w York) 


(Received for publication, September 16, 1942) 


Demonstration of the dependence of phenylalanine and tyrosine metab- 
olism upon an adequate supply of ascorbic acid (1, 2) necessitated deter- 
mining whether a similar relationship existed with other amino acids. 
Consequently tryptophane and glutamic acid were fed to guinea pigs re- 
ceiving a vitamin C-free basal diet. When continued feeding failed to 
produce excretion of the corresponding keto acids or other metabolites of 
like nature, the glutamic acid supplement was replaced with tyrosine for 
control purposes. In contrast to earlier experiments with the latter amino 
acid there was observed a delay in metabolite excretion several days longer 
than any previously encountered. The possibility that the delay was in 
some way related to the previous intake of glutamic acid was readily in- 
vestigated by the administration of a single dose of glutamic acid to guinea 
pigs exhibiting the characteristic urinary picture resulting from daily 
tyrosine supplementation. Without exception the administration of the 
dicarboxylicamino acid caused a prompt decrease in the excretion of p- 
hydroxyphenylpyruvie and homogentisic acids as does ascorbic acid. 

Of several explanatory hypotheses which suggested themselves, the 
majority were easily eliminated. For example, the possibility of glutamic 
acid through the transamination reactions causing subsequent excretion of 
tyrosine rather than its a-keto acid derivative was eliminated by the simple 
expedient of determining the total tyrosine value of the urine sample. 
{nother hypothesis was derived from the known réle of glutamic acid, as 
ketoglutaric acid, in the Szent-Gyérgyi-Krebs oxidation-reduction cycle. 
That such a system may take part in the catabolic metabolism of the 
aromatic amino acids is entirely within reason. Indeed in this instance it 
appeared that the dicarboxylic acid system might even be operating in 
conjunction with ascorbie acid, for as the experiments continued, and the 
animals became more deficient, repeated doses of glutamic acid were less 
effective. 

The subsequent testing of the hypothesis described in this paper was 
accomplished by utilizing other members of the Szent-Gyérgyi-Krebs cycle 
as well as compounds of similar structure. 
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EXPERIMENTAL 
The vitamin C-free basal diet of Purina chow (complete ration) and the 
methods of feeding the guinea pigs and analyzing the urine samples are the 
same as those previously described (3). For the sake of brevity the ma- 
jority of the results are reported in terms of daily excretion of p-hydroxy- 
phenylpyruvie acid, since the homogentisic acid and total tyrosine 
excretion values paralleled those of the former compound. 
In Fig. 1 representative results obtained with single doses of glutamic 
acid are presented. At first glance the effectiveness of glutamic acid in 
decreasing the excretion of the tyrosine metabolites appears to be quite 
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Fic. 1. Homogentisic acid (solid columns) and p-hydroxyphenylpyruvic acid 
I | 


(clear columns) excretion by guinea pigs. The administration of 0.5 gm. (3.4 mM) 


of glutamic acid is shown by the arrows. The per cent of theoretical yield is caleu 


lated on the basis of the amount of extra tyrosine consumed daily 


like that of ascorbic acid, but a difference is to be observed in the fact that 
repeated doses, unlike ascorbic acid, fail to show increasing or even con- 
tinued effectiveness. Instead these experiments demonstrate a decreasing 
influence of the test substance. With repeated occurrence of this finding 
it seemed likely that the later doses were ineffective because of depleted 
stores of the vitamin. However, experiments to be described in the follow- 
ing paragraphs demonstrated that this was only a partial explanation. 
The glutamic acid experiments emphasized the importance of a stand- 
ardized procedure for evaluating the effeet of the various test compounds. 
The results of preliminary experiments warranted the adoption of the 

















e) 


Wl 
SI 





18 








R. R. SEALOCK 505 


following method. The guinea pigs were removed from the stock cages 
where they received a diet of the basal ration plus an adequate but not 
excessive supply of mixed green food. When the animals were placed in 
metabolism cages, the daily supplement of 0.5 gm. of l-tyrosine was in- 
cluded in the deficient diet, being mixed into the upper portion of an amount 
of diet only slightly in excess of the amount that would be consumed in a 
day’stime. The 24 hour urine collections were analyzed until they showed 
a significant excretion of the usual metabolites. By the 3rd or 4th day the 
excretion level was usually sufficient to justify the inclusion of the com- 
pound in question, although in a few instances this was not possible until 
the 5th or 6th day. A single dose of test substance was then mixed into 
the tyrosine-containing portion of the basal diet, so that the two com- 
pounds were eaten simultaneously and always in the first half of the 24 
hour period. Since in the early experiments glutamic acid had been fed at 
a level of 0.5 gm. (3.4 mm), the other compounds were fed in equimolar 
portions. The urinary analyses were continued for 2 or 3 days. In only 
a few instances was the effect of the compound observed in the second 24 
hour sample, and in no instance in the third. Because of this fact the 
decrease or change in per cent theoretical yield of metabolite in the first 
24 hour period is used for comparison purposes. After an experiment 
of this type the guinea pigs were then returned to the stock cages and were 
not used again for at least 10 days. 

By means of the foregoing test procedure the effect of the administration 
of a single dose of each of the compounds listed in Table I on the excretion 
of p-hydroxyphenylpyruvic acid was determined. Because of the relative 
instability of pyruvic and oxalacetic acids, alanine and aspartic acid were 
fed on the assumption that the animals would produce a sufficient supply 
of the desired keto acid. The experimental findings and the known metab- 
olism of these two amino acids bear out this assumption. 

It is evident from the data in the final column of Table I that those 
substances related to the oxidation cycle cause a marked decrease in the 
keto acid value of the urine. However, it is also evident that the com- 
pounds of similar structure produce analogous results. In fact, comparison 
of the two groups shows that the members of the latter are possibly even 
more effective in altering the course of tyrosine metabolism, producing an 
average change of —23.0 in per cent of theoretical yield as contrasted to 
—13.8 for those of the former. Thus it is necessary to seek some other 
explanation for the phenomenon observed. 

At this point in the investigation it became apparent that the one feature 
which all of the effective compounds possessed in common is that of acidity. 
Should the results obtained be due solely to the acidifying action, then the 
feeding of these compounds with increasing amounts of alkali should cause 
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less and less influence on the urinary picture. Experiments of this type 
with succinic acid are illustrated in Fig. 2. On the one hand the free 
acid causes a decrease of 23 per cent of the theoretical yield of p-hydroxy- 
phenylpyruvic acid, whereas in the 24 hours following feeding of the di- 


TABLE | 
p-Hydroxyphenylpyruvic Acid Excretion (Per Cent of Theoretical Yield 
The per cent of theoretical yield is calculated on the basis of the 0.5 gm. of extra 
!-tyrosine included daily in the vitamin C-free basal diet 
Keto a 
lest compour Amount fed 
Pre-test day lest da Change 
meg per cent per cer 
l-Glutamie acii 500 28.4 19.2 9.2 
16.8 5.2 13.6 
26 0 +6 ») 4 
L.0 17.5 13.5 
16.0 17.6 1.6 
Fumaric ac 304 31.8 16.9 14.9 
Suecinie 100) 1.2 1.0 39.2 
4.2 27.2 7.0 
l-Malic . 155 2Y.6 18.3 Ll.d 
dl-Alanine 303 27 .6 2 14 6 
606 15.1* 0 15.1 
32.0* 33.6 1.6 
l-Aspartic acid 153 16.4 0 16.4 
19.6 25.6 24 () 
Ave rage 13.8 
dl-Malic aci 155 22.8 () 22.8 
Glutarie ‘ 149 26.0 () 2% 0 
lartari 510 ise 15.7 2.0 
20.3 0 90.3 
17.7 0 17.7 
Maleic acid 394 33.2 0) 33.2 
9) 2 10.2 M) () 
Tryptophane 695 25.8 22.8 3.0 
Average 23.0 
* These values are excluded from the average, since 6.8 instead of 3.4 mm were used 


sodium salt there is an increased excretion of 7.5 per cent. [Essentially 
similar results with fumaric acid are also illustrated in Fig. 2. 

Repetition of these experiments with the other acids furnished over- 
whelming evidence of the importance of acidity of the compounds alone. 


The experiments of this type have been summarized in Fig. 3, from which 
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it is evident that as one proceeds from the more acid to the more alkaline 
supplement the metabolite excretion not only fails to decrease to the same 


extent, but, in fact, may even increase. 


} 5 ASCORBIC SUCCINIC FUMARIC NH4Cl 
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e | ber of experiments is indicated in each column 
In view of the finding that the feeding of the dicarboxylic acids with an 


Increasing ratio oO! base to act 


| as depicted in Fig. 3 so alters a metabolic 
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relationship already demonstrated to be under the specific control of the 
antiscorbutic vitamin (3), it becomes necessary to determine the effeet 
of the vitamin when a highly alkaline diet mixture is consumed. This was 
accomplished by administering 10 mg. of ascorbic acid at the beginning of 
the test day. The diet consumed during the course of this day included 
besides the usual tyrosine supplement 3.4 or 6.8 mm of sodium bicarbonate, 
As shown in Fig. 2 the vitamin is less able to exert its usual influence on 
tyrosine metabolism when extra alkali is available. Thus strong evidence 
is available to support the conclusion that the effect of both acid and base 
observed in these experiments is closely related to if not entirely dependent 
upon the ascorbic acid present in the tissues of the animal. With this con- 
clusion the failure of successive doses of glutamic acid to cause a decreased 
excretion of the tyrosine metabolites (Fig. 1) is in accord. 

Although little doubt remained at this point of the rdéle of acidity and 
alkalinity, additional confirmation was obtained by using the common 
acidifying agent, ammonium chloride, in place of the dicarboxylic acids, 
With an average decrease in the keto acid excretion of 27 per cent shown 
in Fig. 2, no further doubt remains concerning the principal nature of the 


phenomenon described in this paper. 


DISCUSSION 


The evidence presented forces adoption of the less interesting ‘“‘acid” 
hypothesis rather than that of the catalytic oxidation-reduction mechanism 
to explain the disappearance of tyrosine metabolites from the urine when 
the dicarboxylic acids are administered. The tremendous amount of 
evidence which is accumulating from in vitro experiments regarding the 


les in metabolism 


role of the compounds of the Szent-Gyoérgyi-Krebs cy¢ 
had suggested that these systems also might be operating in conjunction 
with vitamin C in tyrosine metabolism. The advantages of relating this 
system to protein metabolism are obvious; however, the scarcity of ex- 
periments with the compounds of the cycles in intact animals is well known. 
On the other hand it must be emphasized that “hydrogen-carrying acids” 
may indeed operate in the catabolic breakdown of phenylalanine and 
tyrosine, and even in conjunction with ascorbic acid, although if the present 
in vivo type of experiment is used to determine such a relationship an ex- 
tremely finely adjusted dietary acid-base balance is required. Experiments 
of this type must be reserved for the future. 

With the demonstration of the acid effect on the picture of tyrosine 
metabolism, the next question concerns the mechanism of this effect. A 
clue to the mechanism is to be seen in the failure of repeated doses of 
glutamic acid to exert a continued decrease in the urinary keto acid value. 
This finding becomes understandable in the light of the work of Hawley 
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and associates (4, 5) on the importance of the acid-base balance to tissue 
storage of vitamin C. These authors have shown that the administration 
of ammonium chloride in amounts sufficient to produce a highly acid urine 
increases the excretion of the vitamin in periods of vitamin depletion as 
well as saturation. On this basis we may suggest that the acidifying agent 
in our Own experiments mobilizes tissue reserves of ascorbic acid not other- 
wise called upon, and this newly mobilized vitamin then exerts its usual 
action in tyrosine metabolism. Such a possibility appears reasonable when 
we recall that tyrosine metabolites are absent from the urine of a guinea 
pig receiving 0.5 gm. of extra tyrosine after three daily doses of only 5 mg. 
of ascorbic acid. 

Our own results emphasize not only the importance of the acid-base 
balance in questions of vitamin C saturation, in agreement with the above 
wthors, but also in the consideration of the metabolic réle of the vitamin. 


SUMMARY 


It has been found that the administration of a relatively small single 
lose of glutamic acid to a guinea pig receiving extra tyrosine with a vitamin 
(C-deficient diet will cause the removal of the tyrosine metabolites from the 
ine. The effect observed is not permanent, for repeated doses of glu- 
tamic acid fail to produce the same effect. 

By the use of other dicarboxylic acids administered with or without 
sodium bicarbonate or as the sodium salts and by the use of ammonium 
chloride the effect of glutamic acid has been demonstrated as due to the 
acidifying action of these compounds. 

It has been further found that ascorbic acid administered when a diet 
containing sodium bicarbonate is being consumed fails to produce the 
usual vitamin C effect on tyrosine metabolism. 

The relation of these findings to the importance of the acid-base balance 
and the question of vitamin C saturation and réle in metabolism has been 


discussed. 
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FURTHER PURIFICATION OF THROMBIN: PROBABLE PURITY 
OF PRODUCTS* 


By WALTER H. SEEGERS anp DANIEL A. McGINTY 


From the Department of Pathology, State University of Iowa, Iowa City) 
teceived for publication, October 1, 1942) 


In a previous publication (1) methods were given for the preparation 
of thrombin having a potency of 950 units per mg. of dry weight, or about 
6600 units per mg. of nitrogen. With the technical improvements given 
below, it is now possible to isolate a fraction having a potency of 12,000 
units per mg. of nitrogen. We wish to report recent solubility studies, 
made in an effort to determine purity. The evidence to be presented indi- 
cates that our most potent products contain less than 10 per cent of inert 
material. The evidence also indicates that the active material is composed 
of two components, which differ distinctly in solubility and probably in 


potency. 
Purification of Thrombin 


Assay of Thrombin—In other work from this laboratory (1-3), the 
thrombin unit was defined as the amount of activity required to cause 
clotting of 1 ec. of standardized fibrinogen solution, at 28°, in 15 seconds. 
In much of our recent work, we have used a simplified assay technique, 
based upon the clotting of oxalated bovine plasma. The oxalated plasma 
has proved to be quite satisfactory; however, unlike the standardized 
fibrinogen solution, it contains no calcium ion. Because of this, and 
because of the presence of antithrombin, it clots more slowly. Careful 
comparison shows that 2.25 to 2.50 units of thrombin are required to clot 
lec. of oxalated bovine plasma in 15 seconds. 

In collection of the blood for the test, 7 parts of bovine blood are mixed 
with 1 part of isotonic potassium oxalate solution (1.85 per cent). The 
oxalated plasma, obtained by centrifugation, can be preserved as long as 
2 weeks in the frozen state at —40°. In making the test, one adds 0.9 ce. 
of oxalated plasma to each of several tubes, together with 0.1 ec. of throm- 
bin solution of varying dilutions. By repeated trials, and by interpolation, 
one determines the dilution required to cause clotting in 15 seconds. The 

Aided by a grant from the John and Mary R. Markle Foundation. Funds were 
iso supplied by the Graduate College, State University of Iowa, and by Parke, Davis 
nd Company, Detroit. A preliminary report was presented before the Federation 

f American Societies for Experimental Biology, April 2, 1942 (Seegers, W. H., Fed- 
ution Proc., 1, pt. 2, 184 (1942)) 
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tube in which clotting occurs in 15 seconds contains 2.25 thrombin units, 
as previously defined. After allowance is made for dilution, the titer of 
the original thrombin solution is readily ascertained and is expressed in 
units per cc. 

Special Materials—The Mg(OH), cream needed in this work is prepared 
as follows: Slowly, and with stirring, add 5 liters of concentrated NH,OH 
to 20 liters of 20 per cent MgCl. Allow the precipitate to settle, decant, 
and wash the precipitate several times with water to remove ammonia, 
Centrifuge and suspend 500 gm. of packed Mg(OH), in | liter of water, 

Purified lung extract (4) was prepared as follows: To 100 gm. of fresh 
ground beef lung were added 100 cc. of 0.9 per cent NaCl. The mixture 
was allowed to stand, with occasional stirring, for 48 hours at 5°. Follow- 
ing centrifugation, a dark brown fluid was obtained and was diluted with 
an equal volume of 0.9 per cent NaCl. To 120 cc. of this product were 
added 20 ec. of Mg(OH). cream. This adsorbs undesirable impurities. 

After centrifugation, 100 ec. of the supernatant fluid were mixed with 
100 ec. of (NH,)SO, solution, saturated at 5°. The precipitate, contain- 
ing the thromboplastin, was collected in the centrifuge, and was then dis- 
solved in saline and reprecipitated with an equal volume of saturated 
(NH,)SO,. Following centrifugation, the final precipitate was dissolved 
in 15 ec. of 0.9 per cent NaCl, and was dialyzed against 0.9 per cent NaCl 
at 5° until free of (NH,4)sSO,. The entire procedure, including centrifuga- 
tion, was carried out in the cold room. The material was stored at — 40°. 

Purification of Prothrombin—Our technique has been improved from 
time to time (2, 1, 5) in minor particulars. The example given below 
represents current procedure. 

At the slaughter-house 40 liters of bovine blood were allowed to flow 
freely, and with thorough mixing, into a series of pails containing a total 
of 2.4 liters of special anticoagulant (1.85 per cent KoC,0,-2H,O + 0.5 per 
cent H,C,0,4-2H,O). The plasma was separated at once in a Sharples 
supercentrifuge (separator bowl), and was stored in the cold room at 5° 
until the following morning. At this time, 16 liters of the cold plasma 
were mixed in two 40 gallon earthenware crocks with 224 liters of cold 
distilled water (7.e., 15-fold dilution of the plasma). With constant stir- 
ring, the pH was brought to 5.1 (glass electrode) by the slow addition of 
2.5 liters of 1 per cent acetic acid. The precipitate of protein settled 
within 3 hours. The supernatant fluid was removed with a siphon and 
was discarded. The precipitate, with admixed liquid, measured 12.5 
liters. The liquid was largely removed with the aid of a Sharples centri- 
fuge (clarifier bowl). The precipitate now had the consistency of a thick, 

creamy paste. With the aid of a Waring blendor it was suspended in 3 
liters of special oxalated saline (0.5 per cent KeC,O, + 0.9 per cent Nat ‘). 
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‘its. | The pH was brought to 6.4 by addition of 125 ec. of 0.1 N NaOH. Most 
r of | of the precipitate dissolved. No effort was made to remove a small amount 
lin of flocculent material which still remained in suspension. 

An adsorption procedure was then carried out. To the above solution 
red | was added 1 liter of Mg(OH). cream. The prothrombin-Mg(OH)> mixture 
OH | was allowed to stand for 30 minutes at room temperature. The Mg(OH)s, 


int, | with its adsorbed prothrombin, had settled, allowing much of the super- 
nia. | natant fluid to be eliminated by decantation. The remainder was removed 
ter, | by the use of a cup centrifuge. The precipitate was washed with 500 cc. 


esh | of water, followed by centrifugation. It was then resuspended in 1.5 
ure | liters of water and was shaken for a 30 minute period, with COs, at a 
yw- | pressure of 2.5 atmospheres. This converts the Mg(OH), into soluble 
‘ith | carbonates, and at the same time releases the adsorbed prothrombin. For 
ere | this step, heavy walled steel containers have been used, but rusting eventu- 
ies. | ally becomes a source of annoyance. In the present experiment, the reac- 
ith | tion was carried out in four lots, in a quart size glass Seltzer bottle. This 
iin- | bottle was connected to the CO: tank with pressure tubing, and the CO, 
lis. | pressure was controlled with a gage. The pressure bottle was carefully 
ted | taped and suitably shielded for protection in case of breakage. During 
ved | the period of the reaction the pressure bottle was rocked back and forth 
1C] | in a mechanical shaker. In a warm laboratory, the heat of reaction can 


ga- | be a source of difficulty; if the bottle becomes warmer than 35°, shaking 
0°. | should be interrupted to permit cooling, or ice should be applied. 
om As soon as each batch of Mg(OH)2 was decomposed, 10 minutes were 


ow allowed, without shaking, and then the pressure was released slowly, thus 

avoiding undue foaming. The mixture was placed in an ice bath. As the 
ow foam settled, magnesium carbonates gradually crystallized out. These 
tal were removed by filtration through a Buchner funnel. The remaining 
ner electrolytes were now dialyzed away, to permit isoelectric precipitation of 
les the prothrombin. For this purpose, the prothrombin concentrate was 


5 placed in 1 inch Visking casings (Visking Corporation, Chicago). Dialysis 
ma | was carried out overnight in the cold room (5°) against 20 liters of cold 
ld | distilled water. During the following day, the water was changed several 
ir- | times, and dialysis was again continued throughout the following night. 
of | The next morning the dialysis water was changed for the last time, and 


led | in the afternoon the white fibrinous proteins which had settled out were 
nd | removed by straining through gauze. 

25 | By addition of dilute acetic acid (1 per cent), the pH was brought to 
ri | pH 6.5. The proteins, which were largely inert, were removed in the cup 
*k, | centrifuge, and the clear fluid thus obtained was brought to pH 5.0 with 
13 | acetic acid. The precipitate which formed was rich in prothrombin, and 
1). | was collected in the cup centrifuge and dissolved in 40 cc. of oxalated saline 
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(0.1 per cent K,C,O, in 0.9 per cent NaCl). The pH was brought to 7.0 
by addition of 0.1 Nn NaOH, and the product was stored at —40° until the 
following morning. 

Preparation and Purification of Thrombin—The frozen prothrombin solu- 
tion was brought to room temperature and was converted into thrombin 
by addition of 90 mg. of solid Ca(NOs3)2 and 5 ec. of the purified lung 
extract. After a 10 minute incubation period, the mixture was subjected 
to dialysis against distilled water. For this purpose the thrombin solution 
was placed in a | inch Visking sausage casing. In order to reduce the 
fluid volume and increase the relative surface area, a cylindrical glass plug, 
1.9 em. in diameter, weighted with mercury, and sealed at the ends, was 
placed within the dialysis tube. The thrombin solution thus filled the 
narrow space between the plug and dialysis membrane. ‘The contrivance 
was then placed in a vertical glass cylinder through which cold (5°) dis- 
tilled water was circulated. With this technique the salts were removed 
in 2 hours. As shown elsewhere (6), the use of the glass plug increases 
efficiency several-fold. 

The dialyzed thrombin solution (Solution A) then had a total volume 


of 43 ec., and a thrombin concentration of 21,400 units per ce. 1 per cent 
acetic acid was then added to bring the pH to 5.0 (glass electrode). The 


precipitate which forms at this stage consists largely of inert protein, to 
which considerable thrombin is adsorbed. Formerly this precipitate was 
discarded. However, we have recently found that much of the adsorbed 
thrombin can be removed by washing the precipitate with water; further- 
more the thrombin thus set free is more potent than any previously pre- 
pared. In the present instance, the precipitate, recovered by centrifuga- 
tion, was resuspended in 10 cc. of cold distilled water. On centrifugation, 
the supernatant fluid was found to contain 37,000 units. Nitrogen deter- 
mination showed the material to have a potency of 12,000 units per mg. 
of N and this was almost twice as potent as any which had been prepared 
previous} 

The precipitate, freed of a portion of the adsorbed thrombin, was now 
collected and resuspended in the original thrombin solution (Solution A). 
It then adsorbed more thrombin, and the latter was liberated by washing 
the precipitate in water. This cycle of adsorption and elution was repeated 
six more times. On the last, or eighth, elution, 25,000 units of thrombin 
were obtained, and the potency was 8000 units per mg. of N From all 
eight elutions, a total of 220,000 units of thrombin was obtained. The 
remaining 700,000 units originally present in Solution A still remained 
partly in the latter and partly bound to the precipitate which had been 
employed repeatedly as an adsorbent. 

During the past vear many preparations of this kind have been made 


Some have also be n made on a much large) scale Nine teen ol the most 
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active fractions obtained in this manner averaged 11,492 units per mg. of N. 
If thrombin of this degree of purity is dried in the frozen state, it often 
loses some of its potency, but not always. For technical reasons it was 
nevertheless considered necessary to resort to drying before further study 
was undertaken. A supply of thrombin was collected from a large number 
of preparations, some of which were known to be less pure than others. The 
activity of the dried material used in the experiments described below 
was 8150 units per mg. of N, and the N content was 12.42 per cent. The 
material was snow-white in appearance, and very readily soluble in water. 


Probable Purity of Products 


Solubility Curve—The use of solubility curves for determining the per- 
centage composition of protein mixtures is based upon the phase rule, and 
has been described clearly in papers by Kunitz and Northrop (7). Solvents 
are so chosen that the proteins are sparingly soluble. Preliminary work 
with thrombin suggested the merit of using sodium sulfate solution. The 
latter was prepared by mixing 5 volumes of Na2SO,, saturated in water at 
31°, and 4 volumes of m/15 phosphate buffer of pH 7.2. The pH of the 
resulting mixture, as measured with the glass electrode, was 6.45. The 
solvent, at 25°, was equilibrated with varying quantities of dried thrombin. 
The material which failed to pass into solution at equilibrium was sepa- 
rated by centrifugation at 25 

The solubility curve is plotted in terms of N content and in terms of 
thrombin activity (Fig. 1). The upper curve of the chart shows that when 
small amounts of thrombin are added, all components pass completely into 
solution up to point A. At this point the curve changes direction for the 
first time. The slope changes again at points B and C. In a separate 
experiment, not recorded on the chart, a fourth inflection (D) occurred, 
and the curve became horizontal when 25 mg. of N had been added. The 
eurve thus has four segments, indicating the presence of four protein 
fractions. ‘This is in accord with preliminary. electrophoretic data. The 
four inflection points represent the saturation points of each fraction, and 
the amount of each can be estimated from the slope of each segment. Thus 
the slope of CD is 0.068, indicating that Fraction D supplies 6.8 per cent 
of the total N present in the preparation. This is equivalent to stating 
that, beyond point C, the addition of each mg. of N permits the passage 
into solution of 0.068 mg. of N. Similarly the slope of BC indicates the 
percentage of total N in Fraction C + D and the slope of AB the per- 
centage in Fraction B + C + D. From these data, calculations show 
that, on an N basis, the thrombin preparation contains 33 per cent of Frac- 
tion A, 24 per cent of Fraction B, and 36 per cent of Fraction C, and 
approximately 7 per cent of Fraction D. 

When this work was begun, it was assumed that there would be only one 
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active component; however, the data point to another conclusion. The 
activity curve, or lower curve, of Fig. 1, which is arranged so as to permit 
a direct comparison with the N curve, identifies two active components 
with inflection points at A and C. The slope of the activity segment AC 
is 0.59. Component C therefore has 59 per cent of the total activity pres- 
ent, leaving 41 per cent of the total activity for Component A. Each mg, 
of N added to the solvent contributes Component A to the extent of 
0.33 mg. of N, and 3362 units of activity (41 per cent of 8150 units). On 
this basis this component, if isolated, should have an activity of 10,086 
units per mg. of N or approximately 1250 units per mg. of dry weight. 
In similar manner, Component C supplies 0.362 mg. of N and 4838 units, 
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It should, therefore, have an activity of 13,365 units per mg. 
1658 units per mg. of dry weight. 

Preliminary Separation of Least Soluble Thrombin 
of thrombin was separated by equilibrating a system designated by the 
arrow at point B of the upper curve on Fig. 1. Theoretically this 
should isolate only material of pure Type A. The insoluble portion was 
washed once with the solvent and then dissolved in water. It assayed 
10,711 units per mg. of N and therefore probably contained only a smail 
With the hope of obtaining a solubility curve 
a similar fractionation 


A small quantity 


amount of inert protein. 
on a similar fraction, this work was followed by 
experiment with about 400 mg. of material. The insoluble fraction was 
dissolved in water and dialyzed against water for the removal of sulfate 
and phosphate, and dried in the frozen state. This handling unexpectedly 


resulted in denaturation of a considerable portion of the thrombin, and 
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nearly half of the protein was insoluble. Consequently it was not possible 
to obtain the desired solubility curve. The activity of the soluble portion 
was in the range of that required of pure thrombin (Table I). Moreover, 
this activity was fairly constant over a wide range of solid to solvent ratio. 
In accordance with the phase rule this constitutes a criterion of purity for 
the range covered. 


TABLE | 


iclivilty of Fractionated Thrombin 


Thrombin per cc. suspension Activity in solution* 
mg unils per cc. units per mg. N 
3.4 2 ,650 11,830 
11.6 10 ,000 13 ,736 
27.3 17 ,300 11.900 
10.0 24 300 11 ,250 
55.8 32 ,000 11 500 


Che solvent was prepared by mixing 3.5 volumes of Na2SO,, saturated in water at 


31°, and 4 volumes of M/15 phosphate buffer of pH 7.2 


DISCUSSION 


With the present data it is not possible to reach a conclusion concerning 
the significance of two active thrombin components with different selu- 
bilities. The possibility of an unexplained solubility anomaly is not 
excluded. It is also necessary to take into account the probability of 
molecular changes resulting from laboratory handling before it is concluded 
that there are two native thrombin molecules. If, on the other hand, the 
new suggestion that there are two types of thrombin receives further experi- 
mental support, this will need to be taken into account in future studies 
on the interaction of prothrombin and thromboplastin. 

In former work (1) the highest single assay for thrombin showed an 
activity of 950 units per mg. of dry weight or about 6900 units per mg. 
of N. Since that value was obtained, Astrup and Darling (8) have worked 
on the purification of thrombin and in one preparation had material with 
1330 of their units per mg. of N. Our experiments (3) indicate that their 
unit is approximately 40 to 50 per cent larger than ours and, therefore, 
their preparations probably possessed 1930 of our units per mg. of N. 
More recently Milstone (9) has purified thrombin by a series of fractiona- 
tions with (NH,4)2SOx,, and reports his highest assay value to be 6000 units 
per mg. of N (equivalent to 36,000 of his units). None of his values is as 
high as those obtained in our previous work (1), and they are about 50 
per cent of the average of the preparations obtained in the present study 
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(11,492 units per mg. of N). High purity of a product is obviously desir- 
able in any effort to estimate the purity of a protein. Milstone (9) states 
that solubility data indicated inhomogeneity of his material, and no con- 
clusion was reached from electrophoretic data. His method of prepara- 
tion is quite different from ours; consequently when further purification of 
his product is achieved, it should be of interest to compare solubility char- 
acteristics with those described in this paper. 


SUMMARY 


Thrombin preparations previously described have been further purified. 
Material possessing 11,492 units per mg. of protein N can be obtained in 
quantity. Solubility curves indicate that these preparations contain two 
active components with distinctly different solubilities. Their respective 
potencies are approximately 10,086 and 13,365 units per mg. of N. Some 
preparations possessed approximately the potency required of pure throm- 
bin. Dried products are snow-white and form water-clear solutions. 
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A MICROCOLORIMETRIC METHOD FOR MEASURING THE 
OXYGEN SATURATION OF BLOOD 


By OLIVER H. LOWRY,* CLEMENT A. SMITH, anp DOROTHY L. COHEN 


(From the Departments of Pediatrics, Obstetrics, and Biological Chemistry, Harvard 
Medical School, and the Boston Lying-in Hospital, Boston) 


(Received for publication, September 18, 1942) 


For purposes of measuring oxygen saturation in the arterial blood of 
newly born infants (1) it became necessary to develop a rapid and rea- 
sonably accurate method for small blood samples. It was further neces- 
sary to demonstrate that cutaneous blood samples could be considered 
identical with specimens drawn directly from an artery. The present com- 
munication describes the colorimetric method evolved for measuring blood 
oxygen content and capacity, and indicates its accuracy in oxygen de- 
terminations upon cutaneous blood, as compared with the results of Van 
Slyke-Neill manometric analyses (2) upon blood simultaneously drawn 
from the arteries themselves. 

Drabkin and Austin (3) showed in 1935 that Beer’s law of proportional- 
ity and absorption held good over an extensive range of concentrations for 
the pigments HbO, and Hb, a demonstration made possible by their 
specially devised chamber or cell. Solutions (such as blood) too concen- 
trated in color for analysis by usual spectrophotometric methods could be 
spread in this apparatus to a film 0.07 mm. in thickness, thus allowing the 
transmission of light for registration by the spectrophotometer. Appli- 
cations of the color differences between oxyhemoglobin and reduced hemo- 
globin to the study of oxygen saturation of blood in vivo have been made 
by Kramer (4) and by Matthes and Gross (5). The principle is also 
utilized in the apparatus devised by G. A. Millikan. In such techniques a 
semimembranous portion of the body such as the pinna of the ear or the 
web between the thumb and fingers is placed between a source of light and 
the photoelectric cell. With suitable filters, or, as in Kramer’s method, 
without them, the changes in color range between that of HbO, and of Hb 
can thus be registered and converted to terms of oxygen saturation of the 
flowing blood. 

Brinkman and Wildschut (6) proposed a somewhat different method for 
the in vitro determination of oxygen saturation of a small sample of cuta- 
neous blood. This required two galvanometer readings, the first from the 
original sample of blood as drawn, the second from a sample of the same 


* Present address, the Public Health Research Institute of the City of New York, 
foot of East 15th Street, New York. 
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blood after its hemoglobin had been reduced by hydrosulfite solution. 
In an essentially similar method described by Jonxis (7) a Pulfrich step- 
photometer was used as the instrument of measurement and a mercury 
vapor lamp as the source of illumination. A blood film only 0.01 or 0.02 
mm. in thickness was used, and thus only a very small sample of blood re. 
quired. This was obtained from a skin puncture flowing under oil into the 
bottom of a pointed receptacle, whereas Brinkman and \\ ildschut obtained 
cutaneous blood as it rose in a small glass tube placed over a skin incision, 
In our experience this latter method of sampling was not a successful one, 
The authors’ method makes use of a chamber designed to fit into the 
micro unit of a standard Evelyn photoelectric colorimeter. A mechanical 
drawing of the apparatus is shown in Fig. 1.! It is similar in essentials to 
that devised by Drabkin and Austin (3), although less expensive, and con- 
sists of a brass cell, the cover of which (A) is screwed down on the bottom 
B) to enclose two glass disks (D). Between the disks a thin metal shim or 
retaining ring (2) separates their surfaces by 0.006 inch, the space occupied 
by the blood to be examined. AtG and G are holes through the brass cel] 
wall by way of which the blood is introduced through a No. 23 hypodermic 
needle from the collecting svringe. The advancing edge of the blood film 
seems to form a sufficiently slight contact with the air displaced so that the 
proportions of Hb and HbQ, are not altered during the process of filling. 
The outer surface of the cell is grooved to fit the key on the inner surface of 
the Evelyn micro attachment, so that the cell droy s snugly into the space 
occupied by the bushing usually fitted there. Measurement of blood 
oxygen involves securing the sample, filling the cell, reading the galvanom- 
eter deflection with each of two color filters (490 and 620 my), and cal- 
culating from these the oxygen content and capacity and thus the per- 


centage saturation) of the specimen. The details follow. 
Vethod 


Apparat is 
5 Special cell for Evelyn photoelectric colorimet« Ke de scribed above. 


2. Al ce. collecting (tuberculin) syringe, fitted with a small gold pellet 


and a No. 23 hypodermic needle The pelle t, which functions as an agi- 

! Our first cell was made by Mr. F. J. Christensen of the Harvard Medical School 
Machine Shop and embodied several suggestions for which we are grateful to hin 
The cell is manufactured commerci llv bv the \ | H intington ( mpany, Ann 
Arbor, Michigan 

: In order to maintain the combined dead space in the syringes and needle as near} 
constant as possible, it is advisable to use only one style of needle and to select a set 
of syringes the tips of which all fit the same distance into the needle 
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tator when the syringe is filled and shaken, should be slightly less in diam- 
eter than the inner bore of the syringe, and 1 mm. or less in thickness. 


Such pellets can be made by a dental technician. 
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Fic. 1. Design of the assembly (center) and parts of the apparatus for the micro- 


lorimetric examination of blood samples 


3. Sealed funnel for collecting blood under oil. The authors have found 
greater accuracy if blood is picked up as it flows from the incision under oil, 
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and not allowed to drop to the bottom of the oil receptacle. If the side of 
the finger tip is incised and the finger inserted half an inch or so beneath the 
oil, the collection can easily be managed by inserting the needle beside the 
finger. With incisions in a larger surface, such as the heel of an infant, a 
conical glass vessel in the side of which a hole had been drilled was found 
very useful. The hole was covered by a rubber or cellophane dam, so that 
the vessel would hold oil to a level above this aperture. After incision the 
heel was immersed under the oil and the blood collected by thrusting the 
needle through the dam to the cut surface. 

Solutions— 

1. Mineral oil (sp. gr., 0.885). 

2. A 50 per cent saponin solution with ammonia. 2.5 gm. of high grade 
saponin dissolved in 5 ec. of distilled H,O, plus 10 drops of concentrated 
ammonium hydroxide. (Use no longer than 1 week.) This hemolyzes the 
blood and prevents it from clotting. 


Procedure 


Fill the dead space of the syringe (containing the gold pellet) and needle 
with saponin solution. 

Collect in the syringe a known amount (0.3 cc.) of blood flowing freely 
under oil (discard the first 2 drops of blood). Shake hard until hemolysis is 
complete, the pellet acting as an agitator. 

If oil droplets are present, remove the needle and place a rubber cap over 
the tip of the syringe. Centrifuge at low speed for 3 minutes, with the 
tip of the syringe toward the periphery. Remove the cap, and replace the 
cleaned and dried needle. 

Discard 1 or 2 drops of blood; fill the cell with blood by inserting the 
needle into the hole on one side and forcing in blood until it appears at the 
other side. 

Read in the colorimeter with Filter 490 and then with Filter 620. (Pre- 
viously, determine the center settings on the colorimeter by filling the cell 
with saponin and water. With Filter 490, set the blank on 100; with Filter 
620, set the blank cell on 85.)* 


Calculation 


Total Hb = (a X L490) + (6 XK L620) 
HbO, = (c X L490) — (d X L620) 


where [490 = 2 — log G’490; L620 = log 85 — log G’620; G’490 = cor- 
rected galvanometer reading at 490 mu; G’620 = corrected galvanometer 
reading at 620 mu; and a = (D — C)/(AD — BC), b = (A — B)/(AD- 


* Since a setting of 100 could not be obtained with this filter in combination 
with the special cell, a blank cell setting of 85 was chosen arbitrarily. 
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BC), c = D/(AD — BC), andd = B/(AD — BC) where A, B, C, and Dare 
previously determined constants obtained as follows from any normal 
human blood. 


| HbO: LA90 


A= Kg = : . blood completely oxygenated 
- Hb concentration (gm. %) ' owe 
| -. LA90 oe 
B= Kyo = blood completely reduced with Na,S,0, 


Hb concentration (gm. 4) 


(5 mg. to 1 ec. blood) 


390 
1. yrHbOs 162 
C= Keo = - oxygenated 
- Hb concentration (gm. %) ~ 
‘aa 1620 
D= Ki = - reduced 


Hb concentration (gm. 4) 
Derwation of Equations Used 
By definition 
IA90 = A(HbO,) + B(Hb) (1) 
L620 = C(HbO.) + D(Hb) (2) 
From Equation 1 
TA90 — A(HbO, 


Hb = 3 
RB (3) 
If Equation 3 is substituted in Equation 2 
D 
L620 = C(HbO.) + (L490 — A(HbO,)) 
B 
Hence 
D L490 — B L620 
HbO, = 
AD — BC 
or 
HbO, = (c X L490) — (d & L620) (4) 
where c = D/(AD — BC) andd = B/(AD — BC). Similarly 
A L620 — C LA90 
Hb = 
AD — BC 
Therefore 
=: (D — C)L490 + (A — B)L620 
lotal Hb = HbO, + Hb = - ——— 
AD — Bt 
or 
Total Hb = (a X L490) + (b XK L620) (5) 


where a = (D — C)/(AD — BC) andb = (A — B)/(AD — BC). 








524 MICROCOLORIMETRIC METHOD FOR OXYGEN 


Re ou lis 


Table I presents a comparison of the results obtained by analyzing blood 
from identical samples with the standard Van Slyke-Neill technique (2 
and with the authors’ colorimetric method. The standard value 1.34 was 
used to convert volumes per cent of O. to gm. of hemoglobin and vice versa. 
The manometric determination necessarily involves measurements of Os in 
the specimen as drawn and then in a portion of it oxy genated to capacity in 


a tonometer; the colorimetric method does not require this extra manipu- 


TABLE I 
Comp on of Resul th Manometric and Colorimetric Method n Identical Samples 
oO ( I Ors « a oO Pe , . 
Blood BI 
\ “ 
Ma ( r Ma ( NI ) ( r Mar Co Mar Col M ( 
é 
p n i er , 
l 24.3 (24.5 D.@ ».9 bo bo 0 (17.1 117.1 +.2 +.4 20 26 
2 |24.3 (24.4 |24.3 (24.4 100 OO 21 (17.1 117.1 |17.1 117.1 1) 100 
§ 124.9 124.9 | 8.2 | 8.7 33 5) 22 118.9 118.8 | 6.9 | 7.5 Ti 1) 
} 24.9 (24.9 24.9 |24.9 LOO (n) 23 IS.9 19.0 (18.9 )2 LOO 10] 
5 19.4 (19.0 } Iv 17 92 24 19.4 119.3 |17.7 |18.1 ‘] 4 
6 |17.8 |18.2 | 6.¢ 6.7 vi Ti 25 (17.3 |17.3 |16.5 |16.6 5 OF 
7 117.8 118.2 |17.8 |18.2 100 OO 6 '18.5 |18.4 118.0 [16.7 Ti 9] 
§ |21.6 /21.8 $3 0 20) 23 27 IS.8 118.6 (18.1 |1¢.] " 2 
y 21.6 |21.3 (21.6 |2 ; LOO LOO 2s 19.3 (19.3 7.8 7.9 1) $] 
0 1IS.0 (18.2 2.8 , 3 16 IS M 19.9 |19.6 |15.7 >.3 9 78 
Li IS.0 [18.0 (12.4 |138.1 oo id 0) (24.1 (24.1 3 oS S| SU 
12 19 19 } 3 17 1S 1 5 290.6 S &§ |19.2 2 93 
; )7 118.4 {18.8 > Q5 "y 2 20.6 120.8 '19.5 {19.2 WW Q5 
14 90.5 (20.2 20.0 '19.4 QS " *) 19.0 (18.9 (18. ] x 0 a 45 
15 (18.1 117.3 >g 112.8 7] 74 4 617.9 117.7 117.0 |16.€ a) Q4 
16 Is 1.6 114.7 j14.8 NO) 4 5 123.4 123.8 |18.8 119.8 Ni) R39 
17 20.9 119.8 120.0 Ss te Oo (6 23.6 23.3 (23.6 (23.3 LOO 100 
lS 19.9 |19.3 {19.2 |18.3 6 1 Mf «(22.4 (23.7 117.7 |18.0 79 10 
19 20.5 (20.2 '20.0 |19.8 QS QS gs (22 3 122.9 /21-F 21_8 7 Q5 
lation Presentation of the data in this form shows the agreement between 


the two methods when used for measuring oxygen content, oxygen ¢a- 
pacity, and percentage of oxygen saturation in blood from the same source. 
There is no one of these categories in which results seem to agree most 
closely or to diverge most widely. Since the determination rests on color 
values, a small series of bloods with excess bilirubin was examined. 
Several of these (Bloods | to 5, Table II) were from erythroblastotic in- 


fants who were also severely anemic; the others were from infants with 
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TABLE II 
and Colorimetric 


Patients 


Vanometric 


Pp lie apath 


The first five were erythroblastotic infants whose blood was 
ind anemic 
Oe capacity Oz content 
Bl N 
Manometri¢ Colorimetric Manometric Colorimetric Manometric 
per cent vol. per cent | vol. per cent vol. per cent 
10.2 11.7 2.5 3.4 25 
2 10.2 11.0 10.2 10.6 LO 
3 & 0 7.4 6.5 5.9 75 
} 10.5 12.9 5.3 7.9 ne 
5 10.5 12.9 10.5 12.9 100 
6 ts 25.1 18.6 20.0 75 
7 1). 1 5 12.9 14.1 64 
Q "> 1 "0 15.8 17.0 79 
q 0.1 20.6 20.1 20.6 100 
10 20.6 21.0 15.7 17.2 76 
11 1.6 20.5 20.6 1) .7 100 
rasie III 
S pec mens Obtained Simultaneously by Cutaneous and Arte 
and Examined by D fhe ent Methods 
Per cent oxygen saturatior 
Specimen N 
Cutaneous, colorimetric 
93 95 
2 Qy OS 
Q7 96 
j gg 06 
5 QS QS 
‘ SO 91 
- O5 95 
i S4 iu 
) x3 Ss] 
10 LOO Q5 
1] 4 95 
12 SI 79 
12 100 Qj 
Averag 2.7 9] 
pronounced icterus neonatorum. It appears from Table 


both 
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icteric 


Per cent saturation 


Colorimetric 


‘) 


96 


101 


rial Puncture 


Arterial, manometric 


4 


the 


greatest errors in measurements from such specimens were with regard 


to oxygen capacity 


and that errors were largest in bloods with low 
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hemoglobin rather than excess bilirubin. The percentage saturation with 
oxygen is nevertheless reasonably accurate if determined colorimetrically 
even in the face of these difficulties. ; 
In Table III are shown the results of thirteen instances in which blood 
was obtained simultaneously from the radial or femoral artery for mano- 
metric determination and from a finger incision for colorimetric determing- 
tion. In these columns a second variable is introduced, for although 
Lundsgaard and Moéller (8) have shown a useful agreement between cu- 
taneous and arterial blood their exact identity is not to be expected. Ney- 
ertheless, the data show a reasonably satisfactory comparison, and one 
which tends to be closer in those lower ranges of oxygen saturation where 
measurements of this type are apt to be of most clinical utility. 


SUMMARY 


The authors have described an apparatus and method by means of which 
a small sample (0.3 cc. or less) of blood may be analyzed for oxygen con- 
tent and capacity in the Evelyn photoelectric colorimeter. The measure- 
ment can be performed within 20 minutes. The degree of accuracy ob- 
tainable is shown by comparison with manometric determinations. It is 
shown by such data that the method may be applied to samples of cu- 
taneous (capillary) blood with results which approximate those obtainable 
by the manometric analysis of blood secured by direct arterial puncture 


The authors wish to express their thanks to Dr. F. C. Irving and Dr. A. 
B. Hastings for cooperation and advice, and to Dr. C. A. Roby, Dr. Mark 
Altschule, and Dr. George Thorn, together with various students of the 
Harvard Medical School, for aid in providing specimens for analysis. 
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DETERMINATION OF CHLORIDES IN BIOLOGICAL FLUIDS 
BY THE USE OF ADSORPTION INDICATORS. A 
| NEW METHOD FOR THE DETERMINATION OF 
THE PLASMA VOLUME OF BLOOD 


By ABRAHAM SAIFER, JAMES HUGHES, ann ETHEL WEISS 


(From the Chemistry Laboratory, Department of Pathology, Flushing Hospital, 
Flushing, New York) 


(Received for publication, September 2, 1942) 


It is the purpose of this paper to present a simple and precise method 
for the determination of the relative volume of plasma and cells in blood. 
While numerous other methods for the determination of plasma volume 
exist, such as conductometric, refractometric, viscosimetric, and centri- 
fugal, they are open to various objections which have been summarized 
by Ponder and Saslow (1). Stewart’s colorimetric hemoglobin method 
as modified by Ponder and Saslow (2) may be accepted as a precision 
method, but numerous technical difficulties are encountered in its per- 





formance and it requires large quantities of blood. The photoelectric, 
Evans blue dye method as modified by Shohl and Hunter (3) satisfies the 
criteria of a precision method and has been used by us to check our own 
method. 

The principle of the method presented depends upon the experimental 
fact that when whole blood is dropped slowly into a mixture of absolute 
alcohol and anhydrous ether (3:1), in such a manner that the cell walls are 
not ruptured, cell processes occur that prevent the ingress or egress of 
chloride ion. Therefore, when the clear, supernatant alcohol-ether extract 
obtained in this manner is titrated with silver nitrate, a titration figure 
A) is obtained which represents only the chloride ion in the plasma of the 
whole blood sample. If this titration figure (A) is divided by (P), the 
titration figure obtained by treating an equal quantity of plasma in the 
same manner, the fraction (A/P) represents the relative volume of plasma 
inthe blood. The relative volume of cells in the blood is then 1—(A/P) or 
P—A)/P. 

The main advantage of this method over the Evans blue dye method is 
that it requires nothing more elaborate than a simple titration set-up and 
yet gives results of the same order of accuracy. This method is especially 
suited for the purpose of determining the distribution of chloride ion be- 
tween the cells and the plasma, as this would require only an additional 
whole blood chloride titration value. The procedure to be followed for the 
chloride ratios, the calculations involved, and the results obtained in a large 
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number of normal and some pathological cases will be published in sub. 
sequent papers. 


WV acroproce ad ive¢ 


Standard NaCl, 0.1 N solution. Prepare a 0.02 N solution of NaC] by 
dilution of the 0.1 N solution. 

Standard AgNOs, 0.1 N solution. Prepare a 0.02 N solution of the AgNO, 
by dilution of the 0.1 N AgNO. Standardize the 0.02 n AgNO solution 
against the standard NaCl solution in the following mannet 

Pipette 1.0 ml. of the 0.02 n NaCl into a test-tube of convenient size 

6 &X : inches), and add 8 ml. of aleohol-ether solution and then 2 drops of 
the dichlorofluorescein indicator. ‘Titrate the samples in triplicate with 
the 0.02 n AgNO, using a 5.0 ml. micro burette calibrated in 0.01 ml. 
divisions. ‘Th end point change is from colorless to a dee p pink color ap- 
pearing throughout the solution. 

Alcohol-ether. A 3:1 solution by volume was made by mixing the ap- 
propriate quantities of absolute alcohol with anhydrous ether 

Dichlorofluorescein indicator, Eastman Kodak No. 373. Prepare a 
0.05 per cent solution in 70 per cent alcohol. 

Anticoagulant. Dissolve 6 gm. of ammonium oxalate and 4 gm. of po- 
tassium oxalate in 100 ml. of distilled wate Pipette a known volume of 
this solution into a 50 ml. bottle and dry in an oven at 70 The amount of 
oxalate should be such that the measured blood sample contains 0.2 per cent 
The blood sample, usually 25 ml. for these runs, was obtained 


by venipuncture with a dry 


of oxalate. 
sterile svringe and was transferred to the bottle 
with constant stirring to prevent clotting. 

Glassware used in these determinations should be washed with cleaning 
fluid and dried by drainage of the rinse water followed by exposure to air. 
Rinse all glassware with the alcohol-ether solution before use 

Determination of Whole Blood Plasma Value (A Into a 50 ml. Pyrex 
centrifuge tube containing about 35 ml. of aleohol-ether solution, pipette 
1.0 ml. of oxalated blood with a calibrated, mark to mark type, Ostwald- 
Van Slyke pipe tte The blood must be added very slowly in order to insure 
complete drainage of the red cells from the walls of the pipette and care 
must be taken to avoid dropping blood onto the walls of the tube Stopper 
the tube tightly with a clean rubber stopper and stir up the red cells from 
the bottom of the tube by gently tapping the tube with the finger so as to 
avoid rupturing of the walls of the red cells. Centrifuge the tube at about 
2000 r.p.m. for about 5 minutes and carefully pour off the supernatant fluid 
into a 125 ml. Erlenmeyer flask Wash the precipitate twice with 5 ml. 
portions of alcohol-ether, stirring the precipitate with a clean, thin glass 
rod, recentrifuging the tube, and decanting the wash liquids into the same 
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fask. Add 8 to 10 drops of the dichlorofluorescein indicator and titrate 
with the standardized 0.02 n AgNO; until a pink coloration appears 
throughout the solution. A fluorescent type of titration lamp and a white 
background will greatly enhance the sharpness of the end-point change. 
Determination of Plasma Value (P)—Into a 50 ml. Pyrex centrifuge tube 
containing about 25 ml. of aleohol-ether solution pipette 0.5 ml. of oxalated 
plasma with a calibrated, mark to mark type, Ostwald-Van Slyke pipette. 
Stopper the tube with a clean rubber stopper and shake vigorously. The 
remainder of the procedure is exactly as given for the whole blood plasma 
procedure above. The titration figure is multiplied by 2 to obtain the 


plasma value P. 
Calculation Plasma volume = A P. cell volume = (P — A) P. 


The results obtained by this procedure were compared with those ob- 
tained by the Evans blue method with the procedure of Shohl and Hunter. 
2 ml. samples of oxalated blood were used for these determinations and 
each sample was run in duplicate. Dye-free plasma was used as a blank 
and control tubes containing a known amount of dye dissolved in a given 
volume of plasma were run for each blood sample. An Evelyn type of 
photoelectric colorimeter with a 620 my filter (Corning No. 978, 2 mm., and 
Corning No. 245, 3 mm.) was used for the colorimetric readings. <A typ- 
ical set of results for the chloride method as compared to the dye method is 
given in Table I. 

Determination of Plasma Volume of Artificially Prepared Mixtures of Cells 
and Plasma—aAs further experimental evidence that the volume of plasma 
ean be determined by the above procedure, artificially prepared mixtures 
of known plasma volumes were prepared in the following manner: Draw 
about 100 ml. of blood, oxalated as previously described, from a healthy 
adult and determine the plasma volume of this blood by the chloride pro- 
cedure given above. Then pipette 30.0 ml. of whole blood into a 50 ml. 
centrifuge tube and centrifuge at about 1000 r.p.m. for about 15 minutes. 
temove exactly 5.0 ml. of the plasma in such a manner as not to disturb 
the red cells and transfer the 5.0 ml. of plasma to another tube which 
contains exactly 20.0 ml. of the whole blood. The two samples, one of 
which has been plasma-enriched and the other plasma-depleted by the 
addition or removal of a known volume of plasma, are carefully stirred with 
a thin glass rod and the plasma volumes determined by the chloride pro- 
cedure as given above. The experimental values can then be checked 
against the theoretically calculated values. A set of results obtained in 
these runs is given in Table II. One case is also given in which the arti- 
ficially prepared mixtures were determined simultaneously by the chloride 
and dye procedures. 

Calculations—Since the actual amount of red cells is constant in each 
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case and a known amount of plasma is added or subtracted for the prepara. 
tion of each mixture, the calculations are made most simply as follows: 


Plasma Volume Determinations by Chloride Procedure 


The figures represent 


Sample No 


Average 


Plasma Volume Determinations of .- 


Sample No 


1. Normal 
Plasma-depleted 
Plasma-enriched 

2. Normal 
Plasma depleted 
Plasma-enriched 

3. Normal. 
Plasma-depleted 
Plasma-enriched 

4. Normal.... 
Plasma-de¢ pleted 
Plasma-enriched 


If P represents the volume of plasma in 1 ml. 
= the volume of cells per ml. of blood. 


TABLE 


an average of two or 


Plasma volume, 
chloride method 


‘more results 


Plasma volume, 
dye method 


mil m! 
0.661 0.660 
0.649 0.667 
0.666 0.679 
0.670 0.664 
0.660 0.650 
0.627 0.628 
0.641 0.635 
0.624 0.634 
0.714 0.700 
0.717 0.730 
0.663 0.665 


TABLE II 


As Compared to Dye 


Method 


Deviation 


per cent 


1; f ficiall J P éepare i Vizt ires yf Known Plasma 


Volume 


Plasma volume, chloride 


method 

mental | eal Deviation 

mil. mil. per cent 
0.741 
0.670 0.688 2.63 
0.770 | 0.785 | —1.91 
0.653 
0.612 0.598 +-2 34 
0.736 | 0.722 +1.94 
0.664 
0.591 | 0.596 —0O0.84 
0.719 | 0.731 1.64 
0.621 
0.557 0.556 +().18 
0.707 0.697 +] 43 


Plasma volume, dye method 


Experi- 
mental 


0.633 
0) 565 


0.714 


of whole blood, then (1 — P) 
For the plasma-depleted mixture, 





Theoreti _ 
ps Deviation 
mi per cent 

() 557 + l 43 

0.706 | +1.13 
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& | P) /0.833 = plasma volume (plasma-depleted blood). For the 
plasma-enriched mixture, 1 — (1—P)/1.25 = plasma volume (plasma-en- 
riched blood). 


Microproce dure 


Because relatively large volumes of blood are required for the above 
procedure, it was found desirable for the purposes of routine clinical analysis 
to develop a microprocedure for much smaller quantities. By this pro- 
cedure less than 2 ml. of oxalated blood is required to determine the plasma 
volume in duplicate by the chloride method as compared to a minimum of 
5 ml. with the macroprocedure. 

Wicro Burette— This type of micro burette and its working principle have 
been described previously by Hybbinette and Benedetti-Pichler (4) and a 
description is also given in a text-book of microtechnique by Benedetti- 
Pichler (5). The mounting of the micro burette has been modified by the 
authors to insure greater ease of operation and its description is published 
here with the permission of Dr. Benedetti-Pichler. 

Select a piece of capillary or thermometer tubing of uniform bore having 
an internal diameter of 1 mm. Calibrate the tube by means of mercury. 
lhese lengths of calibrated tubing should be about 40 em. long. One end of 
the tubing is drawn out into a tip in two steps, first to a capillary of ap- 
proximately 2 mm. outer diameter and then to a gradually tapering fine 

apillary (¢ The tubing near the tip is then bent so as to make a vertical 
arm (a) having a length of about 3 to 4 em. Another vertical arm (b) 
having a length of about 3 to 4 em. is bent at the other end of the tubing in 
the opposite direction to the arm (a). The horizontal portion of the burette 
should be about 25em. The length (a) of the vertical arm and the length 
of the tip are adjusted so that, with the long part of the tube in a horizontal 
position, water will flow out only when the tip touches a wet surface. The 
proper form of the tip can be found by trial and error. 

The rate of flow must be such that the meniscus in the horizontal part of 
the tube travels approximately 1 to 2 ¢m. per minute. Leave the gradually 
tapering, fine capillary of the tip quite long to begin with and fill the burette 
with water. It is sufficient to place the middle portion of the tube on a 
mm. seale and to hold both with the hand while these tests are being made. 
Short pieces of the tip are then cut off until operation of the burette and the 
rate of flow comply with the specifications given above. If the burette is 
intended for exclusive use with a certain standard solution, it is advisable to 
perform the adjustment of the tip with that standard solution. This will 
better assure the desired rate of flow in actual use. 

\ precision-ruled mm. scale (e) is mounted on the movable arm (d). 


The micro burette is mounted over the scale in a horizontal or slightly in- 
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clined position and is secured by means ol spring clips which re held in 





place with copper wir \ mark is etched near the tip end so that the 
burette may always bi mounted in the same position \ drawing of the 

~. 
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Fig. 2. Titration assembly 


burette and holder is shown in Fig. | and a photograph of the titration 


assembly is actually used is shown In lig. a 
Standardization of Known NaCl Solutions Pipette 0.2 ml of O.1 N 


NaCl into a 15 ml. beaker with an Ostwald-Van Slyke pipett \dd about 


he 
he 
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§ ml. of the alcohol-ether and 2 drops of the dichlorofluorescein indicator. 
The micro burette is filled with 0.1 ~ AgNO; by means of suction and the 
reading of the meniscus on the mm. scale is taken with the aid of a magni- 
fying glass. The beaker containing the standard solution is placed on a 
stand or rack against a white background which is well lighted with a 
fluorescent titration lamp. The tip of the burette is kept beneath the 
surface of the solution until near the end-point. The titration is then 
continued by bobbing the tip in and out of the solution until the end-point 
isreached. In this manner very small amounts of liquid can be discharged 
from the burette. The solution is vigorously stirred during the process. 
The end-point change is from colorless to a deep pink color. The burette 
reading is taken again, and the units of the mm. scale can now be expressed 
in mg. of NaCl or of chloride ion. 











TaBLeE III 
Comparison of Plasma Volume Results Obtained by Micromethod with Those Obtained by 
Macromethod 
The figures represent an average of two or more results. 
Micromethod 
: Macromethod, plasma 
Sample No. , 
Whole blood plasma Plasma value Plasma volume volume (A/P) 
value (A) (P) (A/P) 
mm. scale units mm. scale units 
l 7.20 10.93 0.657 0.650 
2 6.65 10.60 0.627 0.640 
3 7.46 11.30 0.660 0.667 
| 4.46 6.18 0.724 0.722 
5 4.66 6.22 0.748 0.737 
Average 0.683 0.683 


Microdetermination of Whole Blood Plasma Value (A)—Into a 15 ml. 
Pyrex centrifuge tube containing about 7 ml. of alcohol-ether solution, 
pipette 0.2 ml. of oxalated blood with a calibrated Ostwald-Van Slyke pi- 
pette. Add the blood very slowly in order to insure complete drainage of the 
red cells from the walls of the pipette and take care to avoid dropping 
blood onto the walls of the tube. Stopper the tube tightly with a clean 
rubber stopper and stir up the red cells from the bottom of the tube by 
gently tapping the tube with the finger. Centrifuge the tube at about 
2000 r.p.m. for about 5 minutes and carefully pour off the supernatant fluid 
into a 15 ml. beaker. Wash the precipitate twice with 1 ml. portions of 
aleohol-ether by stirring with a clean, thin glass rod. Recentrifuge the 
tube and decant the wash liquids into the same beaker. Add 2 drops of the 
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dichlorofluorescein indicator and titrate with 0.1 n AgNO; with the miero 
burette in exactly the same way as given for the standard titration above, 

Microdetermination of Plasma Value (P)—Into a 15 ml. Pyrex centrifuge 
tube containing about 7 ml. of alcohol-ether solution, pipette 0.2 ml. of 
oxalated plasma with a calibrated Ostwald-Van Slyke pipette. Stopper 
the tube with a clean rubber stopper and shake well. The remainder of the 
procedure is exactly as given for the whole blood plasma procedure above. 

Calculations—Since the plasma volume is simply a ratio, it is sufficient to 
express A and P in the arbitrary mm. scale units. Plasma volume = A/P. 

A set of values for the micromethod as compared with those obtained 
with the macroprocedure for the same bloods is given in Table ITI. 


DISCUSSION 


Due to war conditions it was not possible to complete the rather ex- 
tensive studies which had been planned to cover such aspects of the prob- 
lem as the effect of using different anticoagulants, the time of standing of 
the blood after withdrawal, etc., on both the plasma volume and the cell- 
plasma chloride ratio. The anticoagulant used in these runs was the same 
as that recommended by Shohl and Hunter for the Evans blue dye method. 
The blood samples were drawn from healthy adults among the hospital 
personnel and the chloride and dye determinations were performed im- 
mediately after withdrawal. 

It is necessary that the alcohol-ether solutions used be as water-free as 
possible and that contaminations from rubber stoppers be avoided by using 
a set of clean rubber stoppers solely for these determinations. 

Although the maximum deviation of the chloride values from the dye 
values reached as high as —2.70 per cent, the average deviation obtained 
was about 1 per cent. This method was especially developed for the pur- 
pose of the determination of chloride ratios between cells and plasma; 
nevertheless it may prove to be a useful procedure for studies of the dis- 
tribution of other biological constituents between cells and plasma 


SUMMARY 


A new method is described for the determination of the plasma volume 
of the whole blood. It depends upon the experimental fact that the al- 
cohol-ether extract of the whole blood contains only the plasma chlorides 
and not the cell chlorides. This method has been checked against the dye 
method and found to have an average deviation of about 1 per cent 

A new type of micro burette is described for the chloride microprocedure 
which makes possible the determination of the plasma volume in duplicate 
on 2 ml. of blood 

The accuracy of the method has been checked through the determination 
of the plasma volume of artificially prepared mixtures of cells and plasma. 
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ESSENTIAL FACTORS FOR THE GROWTH OF THE CILIATE 
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Kidder (1) reported a successful method for the cultivation of the small 
ciliate protozoan Colpidium campylum in sterile culture media. He was 
able to obtain good growth (41,000 per cc.) in a medium consisting of 1 per 
cent yeast-Harris (The Harris Laboratories, Inc., Tuckahoe, New York), 
filtered in such a manner as to remove all but the smaller yeast particles, 
2 per cent proteose-peptone (Difco), and 0.5 per cent dextrose (Difco). 
He was unable to obtain any growth in a medium consisting of only pro- 
teose-peptone and dextrose, or proteose-peptone plus dextrose and yeast- 
Harris which had been filtered free of all yeast particles but with the natu- 
rally occurring water-soluble components of the yeast present in the 
| medium. He was also unable to substitute any inert particles for the 
yeast. particles. 

This work suggested that essential growth factors of unknown composi- 
tion other than those present in proteose-peptone were needed by this 
ciliate; also that some small solid object (in this case a yeast particle) was 
necessary to stimulate the digestive mechanisms of the ciliate. 

It is the purpose of this paper to explain the real reasons for the absence 
of growth in a medium free from yeast particles, and the methods and pro- 
cedures used in the detection and concentration of three of the four separate 
growth factors found in yeast and known to be essential for the continued 


growth of Colpidium campylum. 


Material and Methods 


The organisms were obtained from a sterile culture at the Arnold Biolog- 
ical Laboratory at Brown University. It is to be noted that this ciliate 
is not the same as the Colpidium campylum used by Hall (2) and others 
see Kidder (1)). 
Stock cultures were kept on a medium consisting of 1 per cent yeast- 
Harris, 2 per cent proteose-peptone, and 0.5 per cent dextrose prepared 
_ inthe same manner as reported by Kidder (1). The organisms were grown 
| in Pyrex, cotton-stoppered test-tubes, and the degree of growth determined 

by macroscopic observation of the cultures after 10 days incubation at 
| 25°. In all cases in which growth responses were obtained, the cultures 
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were Carried through three successive transplants according to the proce- 


dure outlined by Lwoff (3 
EXPERIMENTAL 


Tsolation of G owth Factors nN Yeast The isolation and concentration of 


ty 


the unknown factors were carried out on Fleischmann’s fresh bakers’ veast, 


‘ 


which like veast-Harris contains all the growth essentials tor ¢ olpidium 
campylum., The fresh yeast was first suspend d in water and adjusted to 
pH 1.0 with phosphate buffers and then autolvzed at 37° for 3 davs in the 
presence of chloroform, to prevent putrefaction. After autolvsis the mix- 
ture was filtered (Schleicher and Schill filter paper No. 595) free of all 
dead yeast cells and débris. The clear amber-colored filtrate, containing 
the equivalent of 1 pound of veast per 1000 cc. of water, was ust d. A110 
per cent solution of this plus 2 per cent proteose-peptone and 0.5 per cent 
dextrose gave optimum growth. 

The four factors necessary for Colpidium campylum and present in the 
veast autolysate have been designated factor B, factor I’, factor F : and 


lactor L\ ior purposes ol convenk nce. 


Factor B is present in the non-dialyzable portion of the yeast autolysate 
and was separated from the autolysate Dy precipitation with lead acetate 


at pH 4.0 and 8.0. 

Factors Fy and F. are contained in the diffusate of the veast autoly sate 
and in the filtrate of the lead acetate pre cipitation of the autolysate. Fae- 
tor F, is separated from factor F,; by precipitation with phosphotungs- 
tie acid. 

Factor IV has not as vet been isolated but e\ idence ior 1ts existence lies 
in the fact that veast autolysate contributes factors which will support 
optimum growth in the third transplant, but the lead acetat precipitate 
and filtrate fractions of the yeast autolysate combined after removal of the 
lead by phosphoric acid and H.S will produce no growth. Factors F, and 
F. as contain d in the lead filtrate fraction plus the non-dialyzabl portion 


‘ 


of the yeast autolysate, which is known to contain factor B, give optimum 
growth (Table I). These results indicate that the veast auto! ate dial- 
ysate contains another factor (factor IV) in addition to factor B, which is 
either destroyed by the lead precipitation, or by the HS or 1s strongly 
adsorbed onto the PbS. 

All four factors are necessary [01 the growth ot the organisms In the 
absence of any one ol the factors the organisms fail to give any demon- 
strable evidence ol growth. 

Conce ntration of Factors B, F;, and F, Many procedures have been 
tested for the isolation of these growth factors from veast and the ones 


found most satisfactory will be described here. 
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Factor B was prepared by precipitation of yeast autolysate, first with 
neutral lead acetate at pH 4.0, and the filtrate, after being adjusted to 
pH 8.0 with NaOH, reprecipitated with basic lead acetate. These two 
precipitates were combined and the lead removed by PbS. The filtrate 
after removal of the H.S was made acid to Congo red, evaporated to a 
small volume in vacuo, and then precipitated with absolute ethyl alcohol 
to give a final concentration of 95 per cent alcohol. The precipitate was 
filtered off and discarded and the alcohol filtrate evaporated in vacuo to 
remove the alcohol and then made up to the original volume with dis- 
tilled water. 

After the above concentration the optimum activity for factor B was 
contained in 0.3 mg. per ec. of organic dry residue, which is equivalent to 
20.3 mg. per cc. of organic dry residue contained in the untreated yeast 


autoly sate. 


TABLE I 
} lence for Presence of Fourth Factor in Yeast Autolysate 
rowth in 3rc 
Medium pg nnd 
Yeast autolysate + proteose-peptone + dextrose i 
dialysate -+ proteose-peptone + dextrose 0 
diffusate + “ ei ° 
dialysate + diffusate + proteose-peptone + dextrose ++++ 
Pb ppt. + Pb filtrate + proteose-peptone + dextrose : 
_ diffusate + proteose peptone + dextrose 0 
filtrate + dialysate + proteose-peptone + dextrose a ie te 


is indicative of optimum growth (at the 10th day 

Factor Fy, was prepare d from the above lead acetate filtrate. The lead 
vas removed by adding phosphoric acid until no more precipitate was 
formed, filtering, and discarding the PbPO, precipitate. The filtrate was 
fnally treated with H.S to remove any remaining lead. The PbS was 
filtered off and the filtrate made acid to Congo red and evaporated to a 
small volume in vacuo. Absolute ethyl aleohol was then added to, the 
residue to give a final concentration of 95 per cent alcohol. The precipi- 
tate formed was filtered off and the alcohol filtrate evaporated in vacuo to 
remove the aleohol and the residue taken up in distilled water. 

\ saturated solution of phosphotungstic acid in 5 per cent H2SO,4 was 
added te the aqueous solution until no further precipitation occurred. A 
slight excess of thi phosphotungstie acid was added and the mixture kept 
in the ice box for 12 hours. The filtrate (which contains factor F,) was 
then freed of excess pl osphotungstate and sulfate by Ba(OH)s. After 
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removal of the barium salts by filtration the filtrate was extracted for 60 
hours with ethyl acetate at pH 4.0 in a continuous extractor similar jp 
design to the one described by Hossfeld (4). The ethyl acetate was evap- 
orated off in vacuo and the residue taken up in 95 per cent methyl alcohol. 
To this aleohol solution was added a solution of ammonium rhodanilate 
(prepared according to the method of Bergmann (5)) dissolved in methyl 
alcohol, until no more precipitate formed. The filtrate was discarded and 
pyridine added to the precipitate in order to remove the rhodanilate as the 
insoluble pyridine rhodanilate and leave factor F; in solution. The pyri- 
dine rhodanilate was removed and the filtrate evaporated in vacuo to 
remove the methyl! alcohol and pyridine and then made up to the original 
volume with distilled water. 

After the above concentration the optimum activity for factor F; was 
contained in 0.15 mg. per cc. of organic dry residue, which is equivalent to 
20.3 mg. per cc. of organic dry residue contained in the untreated yeast 
autolysate. 

The initial stages in the concentration of factor F. are the same as those 
used in the concentration of factor F;. However, the lead filtrate, after 
having been evaporated down to a small volume in vacuo, was precipitated 
with 95 per cent ethyl alcohol to give a final concentration of 80 per cent 
alcohol. The precipitate formed was removed and the alcohol in the fil- 
trate evaporated off in vacuo and the residue taken up in distilled water. 

The aqueous solution was then treated with a saturated solution of phos- 
photungstic acid in 5 per cent H.SO,. After complete precipitation a 
slight excess of reagent was added and the mixture stored in the ice box for 
12hours. The mixture was filtered and, in this case, the precipitate (which 
contains factor F,) was freed of excess phosphotungstate and sulfate by 
Ba(OH).. After removal of the barium salts the filtrate was evaporated 
to a gummy mass in vacuo and then dissolved in methyl alcohol. To this 
was added enough concentrated H,SO, to give a 5 per cent concentration. 
This mixture was slowly refluxed for 80 minutes. The methyl alcohol was 
then removed in vacuo and the residue taken up in distilled water. This 
aqueous solution was extracted with peroxide-free ether several times in a 
separatory funnel. The ether extracts were combined and washed first 
with distilled water and then with a 5 per cent solution of NasCO; to re- 
move any H.SO,. The ether extract was again washed with distilled water 
and then the extract slowly evaporated to remove the ether and the residue 
then made up to the original volume with distilled water. 

After the above concentration the optimum activity for factor F; was 
contained in 0.05 mg. per cc. of organic dry residue, which is equivalent to 
20.3 mg. per cc. of organic dry residue contained in the untreated yeast 


autolysate. 
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Miscellaneous Properties of Factors 


Acid and Alkali Lability—Factors F; and F; are completely destroyed 
by heating at 120° for 4 hours at pH 6.0. Little of their activity is de- 
stroyed by heating for 2 hours at 120° at pH 6.0. Factor B is stable to 
9n~ H.SO, for 6 hours at 120°. 

Factors F; and F, are both completely destroyed by heating at pH 9.0 
for 23 hours at 120°, whereas factor B is stable at pH 9.0 for 6 hours at 120°. 

Precipitation by Heavy Metals—Factor B is precipitated by lead and 
copper salts, but not by barium nor by HgSO, in aqueous solution. Fac- 
tors F; and F, are not precipitated by lead nor by copper in aqueous solu- 
tion. Factor F; is precipitated by HgCl, in 80 per cent alcohol. Factor 
F; is not precipitated by HgCl, in either 80 or 90 per cent ethyl alcohol. 
Barium salts in alcoholic or aqueous solution do not precipitate any of the 
factors quantitatively. Lead was the only metal offering enough selectiv- 
ity to be an aid in purification. 

Precipitation by Base-Precipitating Reagents—F actor F; is precipitated by 
phosphotungstic acid, whereas factor B and factor F; are not. Factor F, 
is precipitated by ammonium rhodanilate, whereas factor F; is not precipi- 
tated. Factors F; and F, are not precipitated by picric acid. 

Adsorbents—F actors B, F;, and F; are all adsorbed onto norit. None of 
the factors is adsorbed onto Super-Cel (Johns-Manville), kaolin, per- 
mutit, asbestos, or aluminum oxide (standardized according to Brockmann, 
Merck and Company). Factor B is only adsorbed onto Superfiltrol (Fil- 
trol Corporation, Los Angeles, California) at a low pH, whereas factors 
F, and F, are readily adsorbed between pH 3.0 and 7.0. 

None of the factors has been successfully eluted from norit. Factors 
F, and F; are only partly recovered from adsorption onto Superfiltrol by 
elution with 70 per cent ethyl alcohol at 70°. 

Solubility—All three factors are insoluble in their natural states in diethyl 
ether, benzene, petroleum ether, chloroform, and butyl alcohol. Factors 
Band F; are soluble in 95 per cent ethyl alcohol, while factor F; is soluble 
in 80 per cent ethyl alcohol and only partly soluble in 95 per cent ethyl 
alcohol. Factor B is soluble in 80 per cent acetone. All attempts to 
regain the activity of factors F; and F; after treatment with different con- 
centrations of acetone have been without avail. The reason for this loss 
of activity is at present obscure. 

Factor F, is soluble in ethyl acetate and also methyl alcohol. Factor 
B is insoluble in ethyl acetate. Factor F; is insoluble in ethyl acetate in 
its natural form, but after acetylation the acetate is soluble in ethyl ace- 
tate and after methylation its methyl ester is soluble in diethyl ether. 

Action of Enzymes—Neither pepsin nor trypsin destroys the activity of 
factor B. Pepsin and trypsin both destroy the activity of either factor 
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F; or F., or both (when tested on the two together), but it has not vet been 
determined which of these two is inactivated or whether both are jinae- 
tivated. 

Evidence of Acidic Nature The activity ot tactor B is destroyed by 
methylation with methyl alcohol and H.SO, plus heat. Factor F, is par- 
tially destroyed by the same treatment and factor F») is not destroyed at all] 
under these conditions. 

This experiment leads to the conclusion that factor B and possibly faetor 
F; are predominantly acid, and that at least part of their activity is due to 
a carboxyl group. However, with factor F; the carboxyl group that js 
probably methylated is apparently not necessary for its biological activity. 

Evidence for Presence of Amino Groups—Factors F; and F, are not de- 
stroyed by acetylation with acetic anhydride in the presence of pyridine. 
Factor B is destroyed by acety lation with acetic anhydride in the presence 
of pyridine and by benzoylation with benzoyl chloride in an alkaline me- 
dium, and it has been impossible to regenerate anv of the activity ot tactor 
B by various techniques ol hydrolysis tried. 

Unde r such conditions as these henzovl and acety] groups are firmly 
attached to the nitrogen of amino groups and are resistant to hydrolysis, 
Thus it is indicated that there is an amino group in the compound and 
that it is necessary tor biological activity. With factors KF; and F,, if there 
is an amino group attacked by the acetyl radical, it is apparently one that 
is not necessary for the biological activity of the compound 

Dialysis—F actors B and LV will not dialyze through a cellophane mem- 
brane, whereas both factors F; and Fy. will dialvze and are found in the 
diffusate 

Vethods for Freeing Factor B—Cently refluxing dried veast-Harris in 
aqueous suspension for 48 hours at pH 3.0 will free about 60 per cent. 
Digestion of dried veast at 60° for 5 hours with either pepsin or trypsin 
will free nearly 100 per cent of factor B from the veast particles. Auto- 
claving the veast in 2 N H.SQO, for 6 hours frees nearly all the factor. In 
addition, the most effective means for bringing the factor into solution in 


water is by autolysis of fresh veast cells at 37 


\ itrogen or Protein Re quireme? f 


In addition to the yeast growth factors required by this ciliate there is 
also what appears to be the added fastidious nitrogen o1 protein require- 
ment. Growth has only been obtained in a medium of proteose-peptone 
plus the necessary factors in yeast. Transplantable growth does not occur 
in a medium of vitamin-free casein (Harris), Bacto-peptone (Difco), Baeto- 
tryptone (Difco), casein-peptone (Hoffmann-La Roche), or silk-peptone 
(Hoffmann-La Roche) plus the addition of the necessary factors in the 


yeast. 
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From the above results the implication is that the size of the protein 
degradation product is the determining factor as far as the protein require- 
ment is concerned, particularly, since good growth is obtained with pro- 
teose-peptone, whereas with Bacto-peptone, which is a product that has 
been further hydrolyzed, no growth can be obtained. 

Thus it appears that the organism is not able to utilize the smaller pro- 
tein products (peptones and amino acids) nor the undigested proteins (case- 
n Such would indicate that the ciliate is unable to utilize the peptones 
ind amino acids because of their toxicity (Dewey (6)), or because the more 
omplex peptones and proteoses must be broken down to amino acids in 
a manner peculiat to the organism (Lwoff (3)). 

Another possible explanation for this difference in response with proteose- 
peptone and Bacto-peptone is that in the preparation of the latter product 
sme water-soluble growth essential is removed or destroyed, or some toxic 
material is present that is not present in the proteose-peptone. 


Difference in Response with Different Preparations 


The kind of yeast used and its method of preparation are important 
factors. It was not possible to substitute an aqueous extract of dried yeast 
that had been filtered in such a manner as to remove all small yeast par- 
ticles nor was it possible to substitute yeast extract (Difco) for the fresh 

itolyzed veast Neither was it possible to substitute an aqueous extract 

f either alfalfa meal (Denver Alfalfa Milling and Products Company, 
lexington, Nebraska) or cerophyl (Cerophyl Laboratories, Inc., Kansas 
City, Missouri) for the yeast. 

Table IT indicates the tvpe of results obtained with different methods of 
reparation of the veast. 

These results would indicate that the veast contains all of the essential 
growth factors, but that at least one of these factors (factor B) is nearly 
insoluble in water in its natural state in the yeast. When this factor is 
freed from the yeast, it becomes freely soluble in water and the yeast pre- 
aration can then be filtered through a fine filter. 

The possible identification of these four growth essentials here described 
for Colpidium campylum with the now recognized vitamins of the B com- 
plex that have been synthesized or isolated in a pure form is suggested. 
However, it is unlikely that such is the case, at least with all four of the 
factors, for the chemical and physical properties of these factors do not 
ompare closely with the now recognized members of the B complex. Also, 
proteose-peptone is a rich source of a great many members of the B com- 
plex. Proteose-peptone (Difco) contains 16 y per gm. of riboflavin, 40 
y per gm. of pantothenic acid,! and 10 y per gm. of thiamine.’ 

! Personal communication from the director of Difco Laboratories, Inc. 


? As determined by the yeast fermentation method of Schultz eé al. (7). 
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Some one or more of these factors may be identical with certain less wel] 
known growth factors that have been found to be necessary in animal ny- 
trition but as yet not isolated in a pure form. However, proof of this will 
have to await further investigation and attempts at purification. 


The author wishes to acknowledge the helpful advice and assistance 
given by Dr. G. W. Kidder. 


TaB.LeE II 


Growth of Colpidium campylum with Different Yeast Preparations 


Growth in 3rd 


Medium ennapieat 
Proteose-peptone + dextrose 0 
Yeast autolysate + “i 0 
“% = + proteose-peptone + dextrose $44 
Yeast-Harris + proteose-peptone + dextrose fe hind 
- filtered through Seitz filter + proteose-peptone +4 
dextrose 0 
Yeast autolysate filtered through Seitz filter + proteose-peptone + 
dextrose ‘cs 0* 
Yeast-Harris filtered through Berkefeld N filter + proteose-peptone + 
dextrose 0 
Yeast autolysate filtered through Berkefeld N filter + proteose- 
peptone + dextrose +++4 
Yeast-Harris filtered through Jena glass bacteriological filter + 
proteose-peptone + dextrose 0 
Yeast autolysate filtered through Jena glass bacteriological filter + 
proteose-peptone + dextrose oo oe 


* The absence of growth in this instance is attributed to the fact that factor B 
is adsorbed onto the Seitz filter pad. 


SUMMARY 


1. Colpidium campylum requires for its growth at least four specific 
factors present in yeast. These factors have been designated factor B, 
factor F;, factor F:, and factor IV. 

2. Factor B is insoluble in water in its natural state in yeast, but can be 
freed from the yeast cell by autolysis of the living cells, autoclaving ina 
strongly acid medium, or by digestion of the yeast with either pepsin or 
trypsin. 

3. Factor B and factor IV are contained in the non-dialyzable portions 
of a yeast autolysate, whereas factors F; and F; are freely dialyzable 
through a cellophane membrane. 

4. Factor B was concentrated nearly 70-fold. Factor F; was concen- 
trated nearly 140-fold, and factor F, more than 400-fold. 
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5. Factor IV has not as yet been isolated. 

6. The possibility of these factors being heretofore unrecognized growth 
essentials is indicated by the fact that their properties are different from 
those of other well known vitamins, and also the fact that growth cannot 
be obtained in a medium of only proteose-peptone or proteose-peptone 
plus other natural sources of the vitamins of the B complex, such as green 
grasses and certain types of yeast preparations, which are known to contain 
large amounts of the now recognized vitamins of the B complex. 

7. The necessity of a protein degradation product of a specific size for this 
ciliate is indicated by the fact that it can utilize proteose-peptone but not 
Bacto-peptone. 
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While the microbiological method for determining riboflavin has in 
general been a distinct improvement over preexisting methods, various 
workers (1-6) have pointed out serious discrepancies. In a report of 
ollaborative work to the Association of Official Agricultural Chemists (2) 
high values were found for wheat flours. Recent work reported from this 
| laboratory (6) has demonstrated the presence of substances in wheat and 
ice products other than riboflavin which stimulate acid production. This 
stimulating effect could not be corrected by adding the substances to the 

sal medium. 

In many cases samples do not produce acid in proportion to their ribo- 
favin content. Although different assay levels may check within 20 per 
ent as allowed in the original method (4), it is our opinion that, if the 
response is due only to riboflavin, values obtained at several assay levels 
should check much closer. 

Strong and Carpenter (5) reported that assaying of extracts of flours 
nd other materials after filtration at pH 4.5 gave good checks and reason- 
ble values. A similar technique was tried in this laboratory on a variety 
f materials with very favorable results, which seem to clear up the diffi- 
ities encountered previously and give a method for ascertaining more 
nearly the correct riboflavin content of foods and feeds. 

Extraction with ethyl ether, claimed by Bauernfeind et al. (1) to remove 


the stimulating effect, was also tested. 





EXPERIMENTAL 


A group of representative materials was assayed for riboflavin by the 
| original microbiological method (4). Suitable amounts of samples were 
witoclaved in 125 ml. of 0.1 N HCl for 15 minutes at 15 pounds pressure. 
fhe autoclaved samples were centrifuged and the supernatant liquid de- 
anted. The residue was washed twice with 10 ml. portions of water and 
the washings added to the supernatant liquid. Samples containing more 
than 5 y of riboflavin per gm. of sample were autoclaved again after being 
entrifuged to insure complete liberation of riboflavin. The combined 
liquids were adjusted to pH 6.7 and assayed for riboflavin with Lactobacil- 
tus CASel, 
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TABLE | 
Effect of Filtration at pH 4.5 on Riboflavin Assay 





Riboflavin , 
Difference 
—— Original = | 
method Filtered, pH 4.5 
y per gm. y per gm. per cent , 
Citrus pulp 2.6 2.5 3.8 , 
Linseed oil meal 3.5 3.2 8.6 
Alfalfa 16.4 14.9 9.2 
Wheat gray shorts 5.7 3.4 40.4 
Rice bran 3.7 2.2 40.5 
Pinto beans , 3.5 2.0 42.9 | 
Whole barley 2.3 1.3 43.5 | 
“ oats 2.5 1.4 44.0 
Peanut meal 4.9 2.2 55.1 
Fish-meal 9.9 5.0 49.5 
Soy bean oil meal 6.2 2.8 54.9 L 
Corn gluten feed 3.0 1.3 56.7 
Meat and bone scraps 9.8 3.9 60.2 t 
Digester tankage..* 12.3 3.0 75.6 
Whole wheat flour 1.8 0.9 50.0 | 
White flour 0.7 0.4 42.9 
TaBLe II 
Riboflavin Content of Precipitate, and Recovery Values 
WV 
Residue 0.1 yaaa Riboflavin 
Sample LT ls | 1 
equivalent Blank Ppt. from 0.05 
meg. mm] mil. Y per cent 
Citrus pulp , 48 1.05 1.05 0.085 170 De 
Linseed oil meal wid 48 1.05 | 1.05 | 0.074 148 ” 
Alfalfa 12 0.60 | 0.62 0.074 148 . 
Wheat gray shorts 48 0.95 | 0.95 | 0.114 228 aia 
Rice bran , 48 0.60 | 0.60 | 0.106 22 | 
Pinto beans 48 0.60 0.60 0.092 184 ie 
Whole barley 60 | 0.95 | 0.90 0.097 194 \) 
“ oats - 60 | 0.95 | 0.95 | 0.124 48 | 
Peanut meal 32 0.75 | 0.80 | 0.120 240 |e 
Fish-meal 2 0.60 | 1.15 | 0.135 270 
Soy bean oil meal 48 0.60 1.05 0.092 184 
Corn gluten feed..... 48 1.05 1.00 0.077 154 Wi 
Meat and bone scraps 16 0.75 1.35 0.172 344 
Digester tankage ' 30 0.60 1.40 0.132 264 Pi 
Whole wheat flour, ether-extracted 80 0.60 | 0.70 0.113 226 
Cottonseed meal, a 32 0.60 | 0.80 0.148 296 Ri 


Meat and bone scraps, ether-extracted 24 0.60 | 0.75 0.138 276 
Cottonseed meal 32 0.60 | 0.95 0.130 260 





WEGNER, KEMMERER, AND FRAPS 549 


TaBLeE III 


Riboflavin Found Following Ether Extraction of Samples 


Original Ether- | Filtered at 





ce sompn method extracted pH 4.5 
inal 
y per gm. y per gm. y per gm. 
Whole wheat flour 1.8 1.93 0.91 
, ttonseed meal 8.7 7.07 4.95 
Meat and bone scraps 9.8 4.85 3.58 
TABLE IV 
V ariation of Riboflavin Content Among Assay Levels 
. Amount of : Deviation 
Sample saamaie Riboflavin found of successive 
I levels 
me. y per level per gm. per cent 
Linseed oil meal 32 0.096 3.00 
iS 0.144 3.00 0.0 
h-meal 10 0.049 4.91 
20 0.106 5.31 +8.0 
30 0.153 5.11 —3.8 
s pulp 10 0.097 2.43 
60 0.152 2.53 +4.1 
SO 0.210 2.63 +4.0 
mn gluten feed 32 0.042 1.31 
18 0.063 1.31 0.0 
Whole barley 10) 0.049 1.23 
60 0.076 1.23 0.0 
— 80 0.097 1.21 —1.6 
oats 10 0.054 1.35 
60 0.078 1.30 —3.7 
- 80 0.102 1.28 ~—1.5 
) Pesnut meal 32 0.070 2.19 
; 18 0.102 2.13 —2.7 
? [Tankage 19 0.048 3.15 
3 29 0.069 3.02 —4.] 
: ae 25 0.048 3.00 
38 0.081 3.38 +12.7 
' Alfalfa 6 0.091 15.2 
‘ 12 0.186 15.3 +0.7 
fer bean cil meal 16 0.052 3.25 
32 0.098 3.06 ~5.8 
| 18 0.137 2.86 ~6.5 
: Wheat gray shorts 16 0.055 3.44 
: 32 0.107 3.34 ~2.9 
: Pinto beans 32 0.064 2.00 
: 18 0.092 1.92 —4.0 
Rice bran 32 0.076 2.38 
: 18 0.112 2.33 —2.1 
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The same materials were also assayed after the cooled supernatant 
liquids were adjusted to pH 4.5 with a Beckman pH meter and filtered. 
The precipitate which formed at pH 4.5 was washed twice with a buffered 
solution of the same pH and the washing added to the filtrate. The solu- 


1 
| 


tion was adjusted to pH 6.7 and assaved. The results obtained by the two 
procedures are given in lable [. 

Differences obtained by the two methods might possibly be due to 
adsorption of riboflavin by the precipitate produced at pH 4.5. To in- 
vestigate this possibility the precipitate Was resuspend d in watet and the 
suspension adjusted to pH 6.7 and assayed for riboflavin. The effect of 
the precipitate in the presence of riboflavin was ascertained after known 
amounts of riboflavin were added to aliquots of the suspension of these 
precipitates. Results of these trials are given in Table IT. 

Samples ground in a Wiley mill through a 20 mesh sieve were dried and 
extracted overnight with anhydrous ethyl ether, and the riboflavin de- 
termined, with the results given in Table III. Results obtained at various 


assay levels of the same samples are listed in Table I\ 


DISCUSSION 


Samples prepared by filtering at pH 1.5 gave from 3.5 to 75.6 per cent 
less riboflavin than those prepared by the original method (4), as is shown 
in Table I. The differences varied with the kind of material assayed, 
Citrus pulp, linseed oil meal, and alfalfa give the smallest differences, while 
digester tankage, meat and bone craps, and corn glutet feed give the 
highest. 

A pH of 4.5 appears to be very n 
proteins in solution. Thus a large precipitate forms at this point. While 


ar the isoelectric point of most of the 


the proteins of samples of plant origin appear to be more completely pre- 
cipitated at the above pH than animal proteins, on filtering, both types 
of samples yield clear filtrates. 

Table II contains the results obtained when the precipitates were assayed 
with and without added riboflavin. From these results it is seen that the 
precipitates alone did not support bacterial growth, thus eliminating the 
possibility that the differences found in Table I are due to adsorption of 
riboflavin on the precipitate formed at pH 4.5. However, when 0.05 y of 
riboflavin was added to the precipitates, exaggerated responses were ob- 
tained, the apparent recovery varving from 148 to 344 per cent of the 
quantity actually present. Therefore, although the precipitate 3 do not 
contain riboflavin, they stimulate the production of acid. This, then, ean 
account for the higher results obtained in the original method. 

Comparison of results from the ether-extracted samples with the results 
from the method of precipitation is given in Table III. Ether extraction 
does not completely remove the stimulatory materials present in the 
samples assayed. The ether-extracted portions give appreciably higher 
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| results than those obtained by the method of precipitation at pH 4.5. The 


possibility exists that the higher results in the ether-extracted samples are 
jue to some residual lipoidal material. Examination of material precipi- 


tated at pIl 4.5 from the ether-extracted samples showed it still to contain 
simulating material (Table II). Whether the substance producing the 
simulation is the protein precipitated or whether the protein acts as an 


idsorbing or filtering agent is not known, but the method of filtration 


ems to be the simpler and more accurate. Work previously reported 
fom this Laboratory (6) indicates that substances other than those ex- 


tracted by ether are capable of stimulating acid production. 


In Table IV are listed representative assays of samples filtered at pH 


15, showing the results obtained at several levels, as well as differences 


etween levels. These data show clearly that good checks were obtained 
mong \ arious levé Is Alt] ough this is not nec ssarily an unquestionable 
iterion for measuring the validity of results, we think that it is at least 


good indication of true values. In a previous paper (6) it was shown that 
he bacterial response to stimulatory substances decreased with increasing 
mounts of riboflavin On the basis of those results, poor agreement 


mong levels would still be obtained if such materials were present. Since 


cood checks were obtaine 1. the presence of non riboflavin, stimulatory 
substances in the filtrate is not indicated. The method of filtration de- 


d seems to give more nearly correct results than the original method. 


SUMMARY 


Filtration at pH 4.5 of extracts of acid-autoclaved materials produced 


vin values than were obtained by the original micro- 


2. The precipitates obtained at pH 4.5 contained no riboflavin but 


stimulated acid production in the presence of added riboflavin. 


3. Extraction ol the sample with ethvl ether did not remove all the 


iimulating substanes 8. 


!. Agreement among assay levels was much better in samples filtered 


t pH 4.5 than in corresponding samples not filtered. 


5. The me thod of filtration de seribe d seems to vive more nearly correct 


esults for riboflavin than the original method. 
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THE CHEMICAL DETERMINATION OF NICOTINIC ACID IN 
PLANT MATERIALS* 
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Chemical procedures for the determination of nicotinic acid, while suit- 
ible for animal tissue, give widely variable results when applied to plant 
materials. ‘This is explained on the basis that the evanogen bromide-aro- 
matic amine reaction commonly employed in the chemical determination is 
not specific for nicotinic acid but for the pyridine ring with an unsubsti- 
tuted a position (1). Kodicek (2) and Waisman and Elvehjem (1) ob- 
served that the direct extraction of cereals with alkali or acid resulted in 
the extraction of non-specific chromogens (presumably pyridine compounds 
ecurring widely in plant materials) which complicated the chemical reac- 
tion for nicotinic acid. These investigators and also Melnick, Oser, and 
Siegel (3) obtained values more in accord with the known nicotinic acid 
cy of such materials when aqueous extracts of the sample were sub- 
Such findings suggest that the non-specific reactions 


poten 
jected to hydrolysis. 
neountered in the chemical estimation of nicotinic acid in materials of 
plant origin might be circumvented. 
Sne I] and \W right (4 have developed a microbiological assay method 
sed on the production of lactic acid by the organism Lactobacillus ara- 
This represents an entirely different approach than that em- 
ed by chemical procedures and offers a basis for an independent eval- 
lation of nicotinic acid values. 
The present communication deals primarily with the results of a study 
f the validity of various extraction and hydrolytic techniques in elimi- 
nating the non-specific reactions encountered in the chemical determination 
nicotinic acid in plants. Judgments of validity are based upon (a) 
obtaining the lowest possible chemical values, exclusive of those resulting 
from errors inherent in the procedures, and (b) agreement of such values 


with those obtained by microbiological assay. 
EXPERIMENTAL 
Modifications of the Kodicek Dp aminoacetophenone procedure (2) were 
used for the chemical investigations. The chemistry of this method has 
been carefully investigated by Harris and Raymond (5) and Kodicek (2). 
* Published with the permission of the Director of the Experiment Station as 
Journal article No. 608 (new series 
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All of the basic steps in this method were further checked in this laboratory 
for any errors in the procedure which might lead to erroneous nicotinic acid 
values. The results emphasized the importance of correct evaluation of 
residual color in the blank. On the basis of the observation of Harris and 
Raymond (5) that the amine reacted with pigments in urine to produce a 
color indistinguishable from that found with nicotinic acid, Kodicek recom- 
mended the addition of the amine to the blank determination. Methods 
proposed more recently by Arnold, Schreffler, and Lipsius (6) and by Bina, 
Thomas, and Brown (7) also include this recommendation. Melnick and 
Field (8) and Melnick, Oser, and Siegel (3), however, have clearly demon- 
strated that the above reaction does not occur in the presence of cyanogen 
bromide and that the amine should be omitted from the blank. Noll and 
Jensen (9) have further confirmed this point but in several instances it 
has been completely overlooked. The nature of the error introduced by 


TABLE I 


Effect of Adding p-Aminoacetophenone to Blank Determination upon Nicotinic Acid 


Val i€s 
Material Amount of sample Amine omitted Amine added 
mo mg. per ceni meg. per cent 
Barley 100 5.0 0.9 
1000 ».4 2.2 
Wheat bran 200 24.0 5.9 
750 22.5 17.2 
Alfalfa hay 100 1.7 Negative 
1000 1.4 “s 
Yeast 500 29.7 24.0 
Reef muscel S00 17.6 14.3 


adding the amine is indicated in Table I. Values obtained are low and 
are dependent upon the amount of material taken for analysis. 

Dilute hydrochloric acid should be added to the blank solution (see the 
procedure below) in order to simulate the acidic nature of the reagent 
solutions. 

Extraction—Water extraction of plant materials was complete within 45 
minutes and extraction periods up to 2 hours did not increase nicotinic acid 
values. A 30 minute period occasionally failed to give complete extraction. 

In the extraction of cereal grains a starchy, semisolid mass is formed. 
Bina, Thomas, and Brown (7) employed taka-diastase to liquefy this ma- 
terial. Data are presented in Table II which demonstrate that the semi- 
solid mass may be used for analytical treatment as long as it can be pipet- 
ted accurately. When samples of about 1 gm. were used, no difficulty in 
handling the material was encountered. 
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Hydrolysts—Nicotinic acid derivatives are completely hydrolyzed by 
| x sodium hydroxide within 5 minutes. Acid hydrolysis usually required 
3) minutes and necessitated the use of a 2 N solution. 

Data in Table III demonstrate that the concentration of the hydrolytic 
agent, alkali or acid, does not affect the nicotinic acid values obtained for 
plant materials. These data suggest that trigonelline is not one of the in- 
terfering compounds found in plant extracts, as Melnick, Robinson, and 
Field (10) and Perlzweig, Levy, and Sarett (11) have observed that tri- 


TABLE II 
Nicotinic Acid in Fractions of Cereal Extracts 
The liquid and semisolid fractions were obtained on centrifuging water-extracted 
samples. The solid fraction was reextracted with water before analysis. 


Fraction Wheat Barley Oats Spelt 
mg. per cent mg. per cent mg. per ceni mg. per cent 
Liquid §.7 6.1 2.1 5.3 
Semisolid. §.1 6.4 2.0 
Solid (reextracted). 5.6 6.4 5.3 


TaB_e III 
Nicotinic Acid Values with Varying Concentrations of Acid and Alkali 
Water extracts of the sample were subjected to hydrolysis. The results are ex- 


pressed in mg. per cent. 


Sodium hydroxide Hydrochloric acid 
Material 

IN 3N 6N 2N 4N 6N 
Barley 6.4 6.2 5.9 8.3 8.2 8.4 
Soy bean oil meal t.0 t.1 1.7 9.6 9.0 9.8 
Wheat 6.1 6.2 5.8 10.0 8.9 8.7 

“ bran 24.2 24.5 24.9 28.5 

Alfalfa hay 6.1 6.2 5.9 4.2 3.9 3.5 
Rape pasture 16.5 16.6 16.1 7.8 7.1 7.3 
Muscle "a 19.2 18.3 19.6 19.1 17.3 18.3 


gonelline gives increased color with increasing concentration of alkali, 
while being completely resistant to acid hydrolysis. 

Comparison of Various Extraction and Hydrolytic Procedures—Extraction 
and hydrolysis data for a variety of plant materials and yeast are presented 
in Table IV. Yeast, which reacts in the same manner as animal tissue, 
gave values which were not affected by the various treatments so long as 
hydrolysis was included. Plant tissues, however, are highly sensitive to 
the various treatments and may be classified into two distinct types on the 
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basis of their responses. The seed portion of the plant, regardless of its 
source, always reacted in essentially the same way. The forage part of 
plants responded in a totally different manner than the seed and this 
response held for a most diverse group of plants. Values for chicory roots 
suggest that root products react similarly to seeds. 

For seeds and their products alkaline hydrolysis of a water extract gave 
the lowest values of all hydrolytic procedures. Direct alkaline hydrolysis 
resulted in increased values, and acid hydrolysis, regardless of the mode 


of extraction, gave exceedingly high values. With the forage part of plants 


TABLE I\ 
C'on parison of ke riraction and H ydrolyt c P ocedures n Chen cal De lermination of 


Vicotinic Acid 


The results are expressed in mg. per cent 
NaOH hydroly yf H¢ ydrolysis of 
Materia No hyd 
— t oampie ae Sample 
Barley 3.9 6.2 Q 8 8 3 9.3 
Soy bean oil meal 1.4 :.3 6.4 9.5 10.0 
Wheat 1.5 6.0 7.6 9 9 8] 
= bran 14.5 24.3 26.3 26.7 97.2 
Corn 1.5 2.0 5.5 7.9 
Cottonseed meal 3.3 5.0 9 9 85 
Flout 14 2.8 57 
Chicory roots* 2.4 ‘9 
Alfalfa hay 6.6 6.1 3.9 
Rape pasture* 16.1 16.4 15.1 7.4 5.8 
Corn silage* 7.0 6.9 6.7 1.0 1] 
Blue-grass* 13.0 18.7 12 3 
Rumen ingesta*T 6.2 5.9 A 
Feces*t 3.0 3.3 1.7 
Yeast 18.1 33.3 3] 30.1 


* Values for these materials are on the dry basis 


+t From a cow receiving an alfalfa hay ration 


acid hydrolysis, direct or indirect (hydrolysis of water extract), gave the 
lowest values, values which were much lower than those obtained when 
the samples were subjected to no hydrolysis at all. Both types of alkaline 
hydrolysis gave essentially the same value that was obtained when hy- 
drolysis was omitted. That acid hvdroly sis should give lower values than 
those obtained when hydrolysis is omitted is quite surprising. <A possible 
answer to this response is suggested by the studies of Kodicek (2) in whieh 
he observed that nicotinic acid-N-diethylamide developed more color be- 
fore hydrolysis than subsequently and that the color developed after hy- 
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drolysis represented the actual amount of nicotinic acid present in the 
empound. The possible destruction of interfering substances by the acid 
might offer another explanation. The response of chicory roots, the only 
root studied, was identical to that of the seed products. 

Agreement of Chemical and Microbiological Values—All of the methods 
of extraction and hydrolysis studied above gave essentially the same values 
when applied to yeast and animal tissue and nicotinic acid recoveries were 
complete within the limit of experimental error in all instances. This led 
to the assumption that the lowest values obtained following hydrolysis 
were nearer the actual nicotinic acid content of plant materials than were 
the other values. To check the validity of this assumption the authors 
have compared these low chemical values with values obtained by using 
microbiological assays. The microbiological procedure of Snell and Wright 
4) was employed for these studies. Application of this method to cereal 
products readily revealed that it gave highly variable results. When 1 
x sodium hydroxide treatment replaced water extraction, however, values 
were obtained which were easily reproduced. These values were usually 
higher than those obtained by water extraction. Forage parts of the plant 
responded along the same lines, but values for water extracts equaled alka- 
line extract values in several instances. Similar observations have been 
noted by Teply, Strong, and Elvehjem (12) and with both acid and alka- 
ineextraction. Values for both types of extraction are presented in Tables 
Vand VI for comparison with the chemical values. 

Nicotinic acid values for the seed portion of plants are shown in Table 
\ for materials varying from 2 to over 25 mg. per cent in nicotinic acid 
eontent. The lowest chemical values (alkaline hydrolysis of an aqueous 
extract) are in excellent agreement with the highest microbiological values 
alkaline extract). These findings suggest that the chemical method em- 
ployed eliminated the interference of non-specific reactions and is there- 
fore suitable for determining the nicotinic acid content of the seed and root 
portions of plants. 

When the chlorophyll-containing portion of plants was analyzed by the 
method of acid hydroly sis of an aqueous extract, results were obtained 
which were in excellent agreement with microbiological values. The val- 
ues by the chemical method represented over 50 individual determinations 
and were consistently obtained. Some 6 months later the same samples 
were again analyzed and while the response to the different hydrolytic 
procedures paralleled previous findings the values obtained were propor- 
tionately higher. The values for corn silage with no hydrolysis, alkaline 
hydrolysis, and acid hydrolysis were 10.8, 11.3, and 7.0 mg. per cent re- 
spectively compared to previous values of 7.0, 6.9, and 4.0 mg. per cent. 
A sample of rumen contents gave values of 9.4 mg. per cent when not hy- 
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drolyzed and 5.5 mg. per cent after acid hydrolysis in contrast to previous 
values of 6.2 and 3.7 mg. per cent. This indicates that of the methods 
tested acid hydrolysis of the water extract is undoubtedly the preferable 


TABLE V 
Comparison of Chemical and Vicrobiological Values for Nicolinic Acid in Seeds and 
Seed Products 
Microbiological 


Chemical (alka- 
line hydrolysis 


Plant material of aqueous Alkaline 
extract extract (1 N Water extract 
NaOH) 
mg. per cent meg. per cent mg. per cent 
Barley 7.6 8.1 5.1 
Corn 2.5 2.8 1.5 
Cottonseed meal 5.0 4.4 2.2 
Flour, low grade 2.6 2.6 2.4 
Soy bean oil meal .0 t.0 3.6 
Oats 1.9 2.1 
ive 1.8 2.2 
Wheat 6.1 6.9 3.0 
bran 26.4 27.9 16.5 
Yeast 30.0 28.3 29.2 
TABLE VI 


Comparison of Chemical and Microbiological Values for Nicotinic A¢ d in Forage 
Mate rials 


Chemical* Microbiological 

Material . 
~~ | | =| 

mg. per cent mg. per cenit mg. per cenit mg. per cent 

Alfalfa hay 6.3 1.2 4.2 1.8 
Brome ~ 8.5 3.5 3.9 2.0 
Timothy hay 10.9-15.0 1.8 4.2 
Corn silaget 5.5-8.3 +.0 3.4 1.9 
Legume silaget 3.7 3.5 2.5 
Rape pasturet 7.8 8.6 8.8 
Oat pasturet 5.9 3.9 
tumen contentt 5.5-9.7 3.7 3.¢ 3.8 
Fecest & 1.9 1.8 


* Acid hydrolysis of an aqueous extract. The same samples were used in both 


1941 and 1942. 
+ Values for these materials are on the dry basis; others are on the air-dry basis 


procedure for forage materials; however, the data for these plant fractions 
(Table VI) cannot be considered as conclusive as for the seed fractions. 
The authors have been unable to determine the reason for the apparent 
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increase in value for these samples. The recent reports of Andrews, Boyd, 
and Gortner (13) and of Cheldelin and Williams (14) noting the conversion 
of what appeared to be a precursor of nicotinic acid into nicotinic acid may 
offer some explanation. As pointed out by these authors, biological assays 
will have to be run on the material before it can be ascertained which of the 
values is correct and represents biologically active nicotinic acid. 

On the basis of the above studies the following procedure is reeommended 
for the determination of nicotinic acid in plant materials. The method is 
excellently adapted to the seed and root portions of the plant but must 
be used with caution, if at all, for the chlorophyll-containing forage part. 


Procedure for Determination of Nicotinic Acid in Plant Materials 


Reagent Solutions—p-Aminoacetophenone solution is prepared by adding 
30 ml. of concentrated hydrochloric acid to 5 gm. of p-aminoacetophenone 
and making up to a volume of 100 ml. with water. 

Cyanogen bromide. Distilled water saturated with bromine at 5-10° is 
titrated in the cold with 10 per cent potassium cyanide solution until just 
decolorized. A 4 per cent solution of Eastman crystalline cyanogen bro- 
mide is also suitable. 

Standard nicotinic acid solution; made up in absolute ethyl alcohol to 
contain 100 y of nicotinic acid per ml. 

Sodium hydroxide solution, 20 per cent. 

Sodium bicarbonate solution, 5 per cent. 

Dilute hydrochloric acid; 12 ml. of concentrated hydrochloric acid di- 
luted to 100 ml. with water. 

Extraction—A sample of plant material, usually 500 to 1500 mg., is 
placed in a Pyrex test-tube graduated at 15 ml. Distilled water is added 
and the sample is extracted on a boiling water bath for 45 minutes with 
occasional stirring. The sample is then cooled to room temperature, made 
up to volume, and centrifuged. 

Hydrolysis—(a) 5 ml. of the aqueous extract from the seed portion of the 
plant are pipetted into a 200 mm. ignition tube. 1 ml. of 20 per cent so- 
dium hydroxide is added and the extract hydrolyzed on a boiling water bath 
for 5 to 10 minutes. The extract is then cooled and approximately 40 ml. 
of ethyl alcohol are added to precipitate interfering substances. The alco- 
holic mixture is centrifuged and decanted into another ignition tube gradu- 
ated at 50 ml. 1 ml. of 5 per cent sodium bicarbonate is added and the 
extract brought to pH 6 with concentrated hydrochloric acid added drop 
by drop from a micro burette reading to 0.01 ml. The mixture is then 
made up to volume with alcohol. During neutralization it is convenient 
to use phenolphthalein as an inside indicator and brom-thymol blue as an 
outside indicator. A footed glass rod is best suited for mixing the solution. 
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(b) 5 ml. of aqueous extract from the forage portion of the plant are 
pipetted into an ignition tube. 1 ml. of concentrated hydrochloric acid 
is added and the extract is hydrolyzed on a boiling water bath for 30 min- 
utes. The extract is subsequently treated as under (a) with the exception 
that sodium hydroxide is used in bringing the solution to pH 6. 

Color Development—Three 10 ml. portions of the neutralized extraets 
(representing one-fifteenth of the original sample) are pipetted into test- 
tubes. Tube A is used for evaluating the residual color, Tube B for 
measuring the color developed by the reacting nicotinic acid, and Tube ( 
for the standard determination. 0.1 ml. of alcohol containing 10 y¥ of 
nicotinic acid is added to Tube C. All three tubes are then placed in a 
water bath at 70-80° and after 10 minutes 3 ml. of cyanogen bromide are 
added to Tubes B and C and 5 ml. of the dilute hydrochloric acid to Tube 
A. After 5 more minutes the tubes are removed from the water bath and 
cooled to room temperature with tap water. 2 ml. of p-aminoaceto- 
phenone solution are added to Tubes B and C. The samples are mixed 
well and immediately placed in the dark. Excess light should be avoided 
during addition of the amine. 

Measurement of the Amount of Nicotinic Acid—After 5 minutes and with- 
in 30 to 45 minutes following addition of the amine the color is measured 
in a photoelectric colorimeter with a filter having a maximum transmission 
of light at a wave-length of 420 mu. Tube A is compared with a blank 
containing 10 ml. of 80 per cent alcohol and 5 ml. of the dilute hydrochloric 
acid, while Tubes B and C are compared with 10 ml. of 80 per cent alcohol 
plus the eyanogen bromide and amine solutions, 3 and 2 ml. respectively. 
Photometric density is calculated from the galvanometer readings by th 
formula L = 2 — log G, where L = photometric density and G = the gal- 
vanometer reading. The micrograms of nicotinic acid in the test Solution 
B are calculated by the formula 

L value Tube B (L value Tube A) 
QI — x 10 = micrograms in test solutior 
L value Tube ( (L value Tube B) 
The value obtained in Formula 1 and the amount of sample taken for 
analysis are used for calculating the mg. per cent of nicotinic acid in the 
plant material. 

Recovery of Nicotinic Acid and Reproducibility of Method—Recovery 
values are good and indicate that none of the nicotinic acid is lost in the 
process of determination. Agreement of duplicate values on forty samples 
of seeds and seed products averaged within +3.5 per cent of the mean and 
the maximal difference was +10 per cent of the mean. With ten samples 


of forage material analyzed before the discrepancies in values were en- 
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countered, duplicate values agreed within +5 per cent of the mean, while 
the maximal difference was +11 per cent. Accuracy of the method was 
not increased by using two standard tubes containing different levels of 
nicotinic acid, as was recommended by Kodicek (2). 


DISCUSSION 


Reliability of Nicotinic Acid Values—The non-specificity of the cyanogen 
bromine-aromatic amine reaction and the varying microbiological values 
obtained by different methods of extraction indicate the difficulty of judg- 
ing the reliability of nicotinic acid values for plant materials. If the diffi- 
culty encountered in the chemical procedures is considered to be not in 
measuring all the nicotinic acid present but rather in avoiding non-specific 
reactions (1-3) the investigator would seem limited to the consideration 
of the lowest chemical value he is able to obtain. If, however, it is possible 
that precursors of nicotinic acid are converted to nicotinic acid by the hy- 
drolytic procedure, then the problem becomes one of ascertaining the 
yalue which represents biologically active nicotinic acid. Until biological 
assays are run, this value is not certain. The confusion attending a mul- 
tiplicity of chemical values may be cleared up by assuming that the low 
values represent true nicotinic acid and nicotinic acid conjugates. On 
this basis the values presented in Tables V and VI are the only ones ob- 
tained by the authors which are considered acceptable. It is well to keep 
in mind that low values may result from errors inherent in the procedure, 
as is demonstrated in Table I. Naturally such values are erroneous and 
should be discarded. 

An evaluation of the microbiological assay values also raises a problem. 
Extraction of the sample with acid or alkali usually results in higher values 
than extraction with water. The problem appears to be one of splitting 
some nicotinic acid conjugate which cannot be utilized by the bacteria, as 
suggested by Teply, Strong, and Elvehjem (12). That this is true is borne 
out by the fact that subsequent hydrolysis of the water extract yields values 
comparable to those obtained by extraction with acid or alkali. This has 
been noted also by Andrews, Boyd, and Gortner (13). 

The excellent agreement between the most acceptable chemical values 
alkaline hydrolysis of aqueous extracts from seed and root material and 
acid hydrolysis of forage extracts) and the most acceptable microbiological 
values (alkaline extraction) speaks well for the reliability of the nicotinic 
acid values reported in the second and third columns of Table V and in the 
third and fourth columns of Table VI. Agreement of values by the two 
methods averaged approximately +4 per cent of the mean for a particular 
sample and the maximal difference was +10 per cent of the mean. Such 
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agreement between a method based upon a chemical reaction and one 
dependent upon the metabolic processes of a bacterium is highly indicative 
that the same chemical unit is measured in both instances and gives evi- 
dence of the reliability of the values obtained by either procedure. Mel- 
nick, Oser, and Siegel (3) have found good agreement between chemical 
and microbiological methods applied to flour. It is interesting to note that 
they were able to effect a marked reduction in nicotinic acid values for 
flours by employing acid hydrolysis of an aqueous extract in place of direct 
hydrolysis of the sample. The contrary results obtained by the present 
method, as shown in Table IV, are probably accounted for by the different 
amine used or by other variations in the procedures. 

Dann and Handler (15) and Hausman, Rosner, and Cannon (16) have 
suggested the need for complete decolorization of extracts in order to avoid 
non-specific reactions. The latter investigators used Lloyd’s reagent in 
the determination of nicotinic acid in cereals and reported that when all 
of the pigments were not removed high values were obtained. As their 
procedure included direct acid hydrolysis of the sample, increased diffi- 
culty in eliminating the non-specific reactions might be expected. Agree- 
ment of chemical and microbiological assays as reported herein would indi- 
cate that non-specific reactions may be avoided without the complete 
removal of pigment. It is unquestionably desirable to obtain extracts 
with a minimum of color, even though a non-specific reaction is not in- 
volved. Extracts from seeds and seed products obtained by the proposed 
procedure are only slightly colored in most instances. The extracts from 
forages, however, contain considerable pigment which it would be desirable 
to eliminate and which might be the origin of some of the difficulties we 
have encountered with such materials. 

Data presented in this paper and in the report of Teply, Strong, and 
Elvehjem (12) demonstrate the suitablity of the Snell-Wright microbiologi- 
cal assay, with the precautions noted above, for all types of materials from 
both animal and plant source. The chemical procedure proposed for plant 
materials is in addition suitable for animal tissue and can be applied to 
urine and milk products when the specifications for hydrolysis noted by 
Melnick, Robinson, and Field (10) and Perlzweig, Levy, and Sarett (11) 
for urine and by Noll and Jensen (9) for milk are met. The chemical deter- 
mination of nicotinic acid proved more convenient than the microbiological 
and, for feed materials other than those containing chlorophyll, gave com- 
parable results. The discrepancies observed in chlorophyll-containing 
material, however, definitely limit the application of the chemical method. 
Some of the data obtained do give encouragement that the chemical 
method may eventually be adjusted to give acceptable values for forage 
materials in all instances. 
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SUMMARY 


A modification of the Kodicek procedure for determining nicotinic acid 
has been investigated from the view-point of application to plant materials, 
The use of an appropriate blank was observed to be highly important. 

Concentration of the hydrolytic agent, alkali or acid, did not affect 
nicotinie acid values. 

Plant materials may be divided into two classes on the basis of their 
response to various extraction and hydrolytic treatments. Alkaline hy- 
drolysis of an aqueous extract gave the most satisfactory results for the 
non-chlorophyll-containing seeds and roots, while acid hydrolysis of the 
chlorophyll-containing part of the plant gave the lowest and most accept- 
able values. 

Alkaline or acid treatment was necessary for the complete utilization of 
nicotinic acid by the bacteria employed in the microbiological assay of 
Snell and Wright. 

Chemical and microbiological assay values for a wide variety of plant 
materials varying from 2 to over 25 mg. per cent of nicotinic acid were in 
excellent agreement. This suggests that non-specific chemical reactions 
have been eliminated and is indicative that reliable nicotinic acid values 
may be obtained by both chemical and microbiological procedures. Cer- 
tain discrepancies encountered in the case of forage materials are discussed. 
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fecognition of the importance of nicotinic acid in the prevention and 
cure of pellagra has stimulated studies of its distribution in foods (12). 
The additional rédle of nicotinic acid in swine nutrition as observed by 
Chick, Macrae, Martin, and Martin (4), Davis, Freeman, and Madsen 
5), and Madison, Miller, and Keith (10) renders a knowledge of its distri- 
bution in various feeds desirable. 

Both chemical and microbiological methods for the determination of 
nicotinic acid have failed to give satisfactory results in many instances. 
The microbiological method of Snell and Wright (15), however, has been 
used for a wide variety of materials with considerable success by Teply, 
Strong, and Elvehjem (17) and also in this laboratory. Chemical proce- 
dures have been limited in their application largely by the non-specific 
reactions encountered in the assay of plant materials. Recently, however, 
excellent agreement between chemical and microbiological values for a 
wide variety of materials from plant sources was obtained by Hale, Davis, 
and Baldwin (6) when the chemical procedure included alkaline hydrolysis 
of an aqueous extract. Non-specific reactions were sometimes encountered 
with forage materials but with seeds, seed products, and roots all non- 
specific reactions were apparently eliminated. Melnick, Oser, and Siegel 
13) have reported success in the chemical estimation of nicotinic acid in 
fours and breads with good agreement of chemical and microbiological 
values. Noll and Jensen (14) and Bailey, Dann, Satterfield, and Grinnells 
3) have adapted the chemical method to milk products and, in general, 
chemical methods are well suited for the assay of animal tissue. Thus it is 
noted that chemical methods have been adapted with success to all types 
of animal and plant materials with the exception of forages, in which errat- 
ic results have been obtained. The immediate need for nicotinic acid 
values of feedingstuffs as an aid to compounding animal rations has there- 
fore been expanded to include determinations on a wide variety of feed 
materials. The results of the nicotinic acid analyses are reported in this 


communication. 


* Published with the permission of the Director of the Experiment Station as 
Journal article No. 606 (new series 
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Feedingstuff 
Barley 
Corn, yellow 
germ 
gluten feed 
“ meal 
Hegari 
Milo 
Kafir 
Oats 
hulled 
Rice I olishe d 
Rye 
Spelt 
Wheat 
bran 
germ 


standard 


I iddlings 
flour 

middlings 
white shorts 
red dog flour 
flour, low 

grade 


Cottonseed meal 
Linseed meal 
Palm kernel oil meal 


: on 
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NICOTINIC 


ACID IN FEEDS 


TABLE I 


c acid 


Cereals 


meg. per cent 
6.0,6.8,7.6,8.1* 


4, 2.9, 2 


1.9, 5.7 


6.0.7.0.9.6,6.9"* 


2, 27.4, 27.9" 


10.9 


10.7,6.1 


su 


1.6 


mg. per cent 


oy 
1.6-2.6* 
l.o 
1.2-1.6 
2 .6* 
PM Rae Fg 
.@, 3.2 
0.0* 
0.9-1.3* 
1 .3° 
1.3 
1.7.5.3 
6.7-5.4* 
5.0-7.0* 
25.7,* 23.7 
10.0* 
..2 
3.4,° 4.7° 
0 ] 
10.6,* 13.0* 
0 “"* 


Miscellaneous feeds 


3” 


Nicotinic Acid Content of Feedingstuffs 


Values from literature 


Teply et al. (17) 
Kringstad and Naess (9) 
Aykroyd and Swaminathan 


) 


Snell and Wright (15 


Teply et al. (17 
Aykroyd and Swaminathan 


») 


Teply et al. (17 


Ihde and Schuette (7) 


Kringstad and Naess (9 


Aykroyd and Swaminathan 


») 


Snell and Wright (15 


et al 17 


Tepl} 
Kringstad and Naess (9 
Teply et al. (17 


Aykroyd and Swaminathan 


) 


Teply et al. (17 


Teply et al. (17 
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TaBLeE I—Concluded 
Feedingstuff Nicotinic acid Values from literature 


Miscellaneous feeds—Concluded 











mg. per cent mg. per cent 
| Soy beans 1.0 1.8 Swaminathan (16) 
| “ bean oil meal, 
toasted 3.6,4.0,.4.0* 
Soy bean oil meal, 
) | expeller t.0 
than | Soy bean oil meal, 
raw solvent 3.8 
Beet pulp 2.6 
Chicory root 2.3 
Beet molasses 5.0, 4.7* 
Cane oe 4.4, 5.0* 
Meat and bone 
scraps 1.6, 8.2, 7.1 
Tankage 6.7 
Fish-meal, white 6.9. 9.0 
han | Beef muscle $.4 6.4 MelIntire et al 1] 
| liver 21.2 15.1-22.7 “ adie 
Bakers’ yeast 32.8, 30.0, 28.9,* | 40.0-50.0* § Teply et al. (17 
54.3 
Milk 0.08-2.8 Bailey et al. (3) 
0.08* Snell and Wright (15) 
0.08* Teply et al. (17) 
Skim milk 0.06-0.09 Noll and Jensen (14) 
an , “powder 1.4.7 1.6" 1.4-2.8 = = a 
0.9* Teply et al. (17 
Buttermilk powder a ae 
toughages 
Alfalfa hay 3.6, 4.2, 4.2* 3.9" Teply et al. (17) 
Brome 3.5, 4.0* 
“an Clover 3.5, 4.8 
“| Timothy “ 1.8, 4.2" | 2.3" Teply et al. (17) 
Alfalfa leaf meal 5.3 
| Nicotinic acid as fed Dry basis 
meg. per 100 gm mg. per 100 gm 
Corn silage |.6, 1.4, 1.9* 1.7, 4.0, 3.4° 
Legume 1.0, 0.94* 3.7. 3.6* 
Alfalfa pasture. 1.8 9.3 
Clover . 1.6, 2.4* 9.7, 18.7° 
Rape os bi Sem” ae 7.8, 8.6* 
Vat =» 0.82* 5.9* 
Blue-grass pasture 1.4* 6.6* 


* Microbiological assay values. 
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EXPERIMENTAL 


Most of the original values reported in this paper were obtained by the 
chemical procedure outlined by Hale, Davis, and Baldwin (6). In several] 
instances microbiological values obtained by the method of Snell and 
Wright (15), modified to include alkaline treatment, are also presented, 
All succulent materials assayed were oven-dried prior to analysis. The 
values obtained for a wide variety of feeds are presented in Table I. A 
number of selected values from the literature are presented for comparison, 
The aim in selecting values was to present those most representative of the 
literature which were obtained on similar samples by the use of reliable 
procedures. Both chemical and microbiological values are presented. 

Several cereals are highly deficient in nicotinic acid. Oats, rye, corn, and 
polished rice all contained 2 mg. per cent or less and it is in those regions 
where rice or corn forms the staple food that pellagra is most common, 
It is also of interest that Davis, Freeman, and Madsen (5) observed pigs re- 
ceiving corn or oats were more susceptible to necrotic enteritis than those 
fed wheat or barley. Barley, wheat, spelt, milo, hegari, and kafir usually 
contained about 5 to 8 mg. per cent of nicotinic acid. Wheat bran was an 
excellent source of nicotinic acid, with values from 24.2 to 40.9 mg. per 
cent The nicotinic acid content of various wheat by-products would seem 
to be primarily dependent upon the amount of bran included in them with 
most of the middling products containing nearly 10 mg. per cent. Bran 
from other cereals appears equally rich, as Arnold, Schreffler, and Lipsius 

1) have reported a value of 29 mg. per cent for rice bran. Corn gluten 
feed, a mixture of corn gluten meal and corn bran, contained 10.4 mg. per 
cent of nicotinic acid. Neither wheat nor corn germ is a particularly good 


source of nicotinie acid, as values of 5.2 and 3.1 mg. per cent respectively 
were obtained. The value for wheat germ is comparable to most values 
from the literature. Gluten products are low in nicotinic acid. A value 


of 3.0 mg. per cent was found for corn gluten meal and Teply, Strong, 
and Elvehjem (17) reported a value of 2.5 mg. per cent for wheat gluten. 

Various protein supplements such as cottonseed meal, linseed meal, palm 
kernel meal, and soy bean oil meal contain from 3.6 to 5.5 mg. per cent. 
Protein supplements from animal sources are not as rich in nicotinic acid as 
might be expected. Meat and bone scraps and tankage contained from 
1.6 to 8.2 mg. per cent and fish-meal from 6.9 to 9.0 mg. per cent. Milk 
and milk products are very low in nicotinic acid, with most of the values 
between 0.8 and 2.0 mg. per cent on the dry weight basis. Beet pulp, 
chicory roots, and beet and cane molasses are also quite low in nicotinic 
acid. Liver and yeast are excellent sources. 

Dry roughages such as alfalfa, clover, brome, and timothy hay are not 


especially good sources and usually contain approximately 4 mg. per cent 
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of nicotinic acid. A similar value was found for both corn and legume 
silage on the dry basis. Pastures are a better source of nicotinic acid than 
are dry roughages, with values sometimes reaching 15 mg. per cent on 
the dry weight basis. Legume pastures ranged from 9.3 to 15.4 mg. per 
cent, while non-legume pastures varied from 5.9 to 8.6 per cent. Fresh 
pasture samples varied from 0.82 to 2.4 mg. per cent. 


DISCUSSION 


A careful survey of Table I readily shows that the nicotinic acid values 
reported for most all of the materials are well substantiated by both chemi- 
eal and microbiological assays and by reports from various laboratories. 
This gives evidence of the acceptability of both the values reported and the 
various methods employed in their determination. 

It probably should be noted that Kodicek (8) and Thomas, Bina, and 
Brown (18) have reported a number of values for cereals and other mate- 
rials which are lower than those presented in Table I. Those values were 
omitted, however, because the chemical proce dures used included addition 
of the amine to the residual color blank. Such a procedure is known to 
yield erroneously low values (13, 6). Values for milk products higher than 
those pres nted in Table | have been reported in the literature but the 
methods employed were questionable regarding their adaptability to milk 
and milk products. The consistently low values obtained by both chemi- 
eal and microbiological assays indicate that the lower values recently 
reported are more representative of the nicotinic acid content of milk. 

Variations in the nicotinic acid content of various pasture plants are 
contrasted with the apparent uniform values obtained for hays and silages 
from all plant sources. The lower values obtained for the hays and silages, 
isually about 4 mg. per cent, suggest that nicotinic acid values may vary 
with the stage of maturity and that the variations obtained with pasture 


1 


may be due to this rather than to differences in the plant source. 


SUMMARY 

Nicotinie acid values for a wide variety of feedingstuffs are reported. 

Oats, rye, corn, polished rice, low grade flour, beet pulp, milk, and milk 
products are very deficient in nicotinic acid. 

Legume and non-legume hays and silages, germ and gluten products of 
corn and wheat, red dog flour, high protein supplements from plant sources, 
soy beans, and molasses ranged from about 3 to 5 mg. per cent of nico- 
tinie acid. 

Wheat, barley, spelt, grain sorghums, tankage, meat and bone scraps, 
fish-meal, and non-legume pastures varied from approximately 5 to 9 


mg. per cent. 
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Wheat middlings and corn gluten feed usually contained about 10 mg, 
per cent of nicotinic acid and legume pastures varied from approximately 
10 to 15 mg. per cent. 

Wheat bran (probably all cereal brans), yeast, and liver are excellent 
sources. 
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Of interest in connection with the recent isolation of the thio ether amino 
acid, mesolanthionine, from acid hydrolysates of alkali-treated proteins 
(1, 2) is the question of its physiological availability. The fact that the two 
related sulfur-containing amino acids, methionine and cystine, are readily 
utilized in the nutrition of animals suggested that lanthionine might also 
be utilized. Lanthionine, like methionine, is a thio ether amino acid, and it 
apparently originates from cystine in proteins by the action of dilute alka- 
line solutions. The mechanism of the formation of lanthionine from wool 
has been recently hypothesized by Nicolet and Shinn (3). Du Vigneaud, 
Brown, and Chandler (4) have shown that the unsymmetrical thio ether 
amino acid, ll-S-(8-amino-§-carboxyethyl) homocysteine, can serve in lieu of 
cystine in the diet of rats for the support of growth. Evidence was later ob- 
tained (5) showing that rat liver tissue is capable of cleaving this thio ether 
amino acid with the formation of l-cystine. Brand and associates (6) 
found some evidence that carboxymethylcysteine is cleaved by cystinuric 
patients. It seemed possible that mesolanthionine also might be cleaved 
in the animal body to form cysteine, and thereby be capable of being 
utilized in the diet in lieu of cystine. 

The question arises whether the internally compensated mesolanthionine 
ean be cleaved by digestive enzymes. As far as we are aware, the only 
instance in which a mesoamino acid has been shown to be cleaved in the 
animal body is that in the ease of mesocystine (7). Cleavage of 1 molecule 
of mesolanthionine could yield either 1 molecule of l-cysteine or 1 molecule 
of d-cysteine, depending on which side of the sulfur in the mesolanthionine 
molecule the cleavage took place. Since it has been shown (8) that d- 
cystine is not utilized for growth, failure of animals to grow on mesolan- 
thionine would, therefore, indicate either that cleavage did not occur or that 
it occurred in such a way as to yield d-cysteine. 


EXPERIMENTAL 


Five lots of albino rats weighing 45 to 50 gm. each were used in this 
study. All the rats in each individual lot were from the same litter and 
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were equally distributed as to sex. The basal diet had the following per- 
centage composition : casein 6.0, dextrin 37.0, sucrose 15.0, salt mixture 
(Osborne and Mendel (9)) 4, agar 2.0, lard 19, cod liver oil 5, and milk 


vitamin concentrate 12.0. The diet was fed ad libitum and a record of the 
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This table includes the record of only those rats whose growth curves are shown 


in Figs. 1 and 2. 

food intake is given in Table I. The rats fed the basal diet alone invariably 
lost weight rapidly and in several cases died within 40 to 45 days. For 
comparison with the behavior of the rats given mesolanthionine, /-cystine 
and di-methionine were also used. Addition of 0.3 gm. of cystine or 0.37 
gm. of methionine to 100 gm. of the basal diet caused immediate resumption 
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of growth. In most cases 0.52 gm. of mesolanthionine was added. These 
amounts of the supplements represent sulfur equivalents. Increasing the 
amount of mesolanthionine to 1.0 gm. gave no better results than when fed 
at the lower level. The mesolanthionine used was prepared from human 
hair as previously described (2). The amino acid supplements were in- 
corporated in the basal diet. 
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By 1 AND 2. Growth curves of rats receiving the basal deficient diet (B) alone 
rr supplemented with 0.3 per cent of l-cystine (C), 0.37 per cent of dl-methionine (M), 
r with mesolanthionine (L) in amounts indicated on the curves. The introduction 
if each diet is indicated by the symbols over the downward arrows. The identifica 


tion number and sex of rats are given on the extreme left and their initial and final 


weights In parentheses 


All of the rats of Lot 260 (eight rats), Lot 261 (eight rats), and Lot 262 
six rats) were fed the basal diet at the start with no supplement for 6 to 9 
days. Two rats in each of these lots were continued on the basal diet 
thoughout the feeding period to serve as controls. In Lots 260 and 261 
the effect of the supplements was studied through successive periods on the 
same animal. In Lot 262, following the fore period on the basal diet, each 
animal was fed one of the supplements throughout the experiment. Lot 
267 (three rats) received mesolanthionine from the start without the pre- 
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liminary feeding of the basal diet alone. Of the four rats of Lot 284 two 
were fed at the beginning the basal diet plus cystine and the other two rats 
were fed the basal diet plus methionine. After 14 days one rat from each of 
the two pairs in Lot 284 was changed to the basal diet plus mesolanthionine, 
The other two were allowed to continue on the cystine and the methionine 
diets. The growth curves of representative animals from each group are 
given in Figs. 1 and 2, and they are typical of the others which are omitted 
in order to save space. 


DISCUSSION 


Five of the six rats of Lots 260, 261, and 262 that received mesolan- 
thionine, after having first been fed the basal diet alone for a period, con- 
tinued to decline in weight and they did little or no better than when they 
were getting the basal diet alone. 

The three rats of Lot 267 fed mesolanthionine from the start, without pre- 
liminary feeding of the basal diet alone, increased slightly in weight during 
the first 6 days, but thereafter declined in weight at a rate comparable with 
the rats receiving the basal diet alone. 

In striking contrast to the rats of Lots 260, 261, and 262 that failed to 
respond to mesolanthionine after having declined on the basal diet alone, 
those that similarly received cystine (six rats) and methionine (six rats) 
responded at once and made rapid gains, as did also those that were given 
cystine and methionine after they had failed to respond when given meso- 
lanthionine (Rats 1737 and 1739). 

Of all of the rats used in this study only two failed to decline in weight 
promptly when mesolanthionine was used as the amino acid supplement. 
Rats 1735 and 1736 had responded immediately to methionine and cystine, 
respectively, but when these amino acids were replaced by mesolanthionine 
the expected decline did not occur, although the rate of gain in weight was 
definitely retarded. Since the continued growth might possibly be due to 
some carry-over effect of the methionine and cystine, a new lot of four rats 
was started tats 1994 and 1995 were given methionine and Rats 1996 
and 1997 were given cystine at the start. After 14 days of good growth the 
diets of Rats 1995 and 1996 were supplemented with 0.52 gm. of mesolan- 
thionine instead of the methionine and cystine. The diets of the other two 
rats were not changed. The two rats given mesolanthionine started to 
lose weight at once and declined rapidly, while those receiving methionine 
and cystine continued to grow at a very good rate. 

The results of these experiments show quite conclusively that mesolan- 
thionine cannot serve in lieu of cystine in the diet of the rat for the support 
of growth. 

It is of interest to note that Steinberg (10) in a study of the availability of 
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the sulfur of different compounds for the growth of Aspergillus niger found 
that the sulfur of mesolanthionine was utilized to a very low degree as com- 
pared with that of cystine and methionine. 

Inasmuch as rats are unable to utilize d-cystine for growth, their failure 
to grow on the basal diet supplemented with mesolanthionine indicates that 
either they were unable to cleave the thio ether amino acid or that cleavage 
gecurred with the formation of the unutilizable d-cysteine instead of I- 
cysteine. It seems possible, however, that /-lanthionine can be utilized for 
gowth. In order to obtain information on this point a quantity of dl- 
lanthionine (11) is being prepared for feeding experiments. 


SUMMARY 


Mesolanthionine cannot serve in lieu of cystine in the diet of the rat for 
the support of growth. 
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Many studies have been made on the phospholipid concentration in rat 
tissues, and a number have been devoted to the rate of turnover of the 
phosphorus part of the phospholipid molecule. In most of these investiga- 
tions no attempt has been made to distinguish between the different sub- 
stances making up the total phospholipid fraction. This report will 
present some data on the occurrence of sphingomyelin and on the rate of 
exchange of the phosphorus part of its molecule. The determinations 


were made on liver, kidney, and spleen from normal and tumor-bear- 


ing rats 
EXPERIMENTAL 


Animals— Young male albino rats were used in both series. At the 


time of death the average weight of the seventeen normal animals was 
201 + 12 (s.p.) gm. The twenty-three tumor-bearing rats referred to 
here are the same animals that comprised Series Il of Haven and Levy 
The average weight at death was 239 + 21 (s.v.) gm. This figure 
includes the weight of the tumor growing subcutaneously in the groin. 
Because the two series of experiments were not carried out concurrently, 
the lower weight of the normals indicates somewhat younger 


and because 
normal series cannot be considered the proper control for the 


animals, the 


tumor-bearing group. 
Wethods—The preparation and the administration of radioactive phos- 


phate were carried out as described for Series II in the paper of Haven 


and Levy (1 
sacrificed at various times from 3 to 60 hours after 


The livers, kidneys, and 
In order to obtain sufficient 


The animals were 


the injection of the radioactive phosphate. 


Lie 
spleens were removed and all fat trimmed off. 
material for determinations the kidneys from three rats were combined. 
\ similar procedure was used for the spleens. The lipid extractions, isola- 


this work is taken from a dissertation submitted to The University of 


* Part of 
Rochester in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy June, 1941 

t Present iddress, W ishington | niversity School of Medicine, St. Louis. 


id 








578 SPHINGOMYELIN IN TISSUES 


tions, and determinations were carried out as previously described (2). 
Radioactivity measurements were made as described by Haven and 
Levy (1). 

Results 


Phospholipid and Sphingomyelin Determinations—The quantitative 
values for total phospholipid and sphingomyelin are presented in Table I. 
In no ease is there a significant difference between the values for the normal 
group and the corresponding figures for the animals bearing tumors. 
About 0.21 per cent of the wet weight of rat liver is sphingomyelin. This 
figure, the first for this phospholipid in rat liver, corresponds rather closely 
to the concentration in cat liver (2). Sphingomyelin represents a small 
part, approximately 6 per cent, of the phospholipid from rat liver. 


TABLE I 
Phospholipid and Sphingomyelin Concentrations in Tissues of Rats 
All values are based on the wet weight of the tissue. The averages are followed 
by the standard deviations. 


Per cent sphingo- 


Tissue | inooies PRS A hI mzelia n total 

Normal rats Liver 144 3.45+0.39) 11 0.20 + 0.082) 5.64 + 0.65 

Spleen 6 1.51 + 0.17 4 0.35 + 0.030 | 24.20 + 1.9 

Kidney 5 2.77 + 0.07 6 | 0.63 + 0.050 | 22.70 + 2.00 

Tumor-bearing Liver 23 3.51 + 0.34 23 («0.22 + 0.025 6.43 + 0.81 
rats Spleen 3 1.73 3 0.33 18.60 


The values for spleen and kidney tissue are based on a smaller number of 
analyses, but they indicate sphingomyelin concentrations similar to those 
found previously for cat tissues (2). A discussion of other values in the 
literature has been presented in that paper. 

Radioactivity Measurements—Figs. 1 and 2 show the percentage of the ad- 
ministered dose of radioactivity which was found in the phosphorus from 
liver sphingomyelin after various time periods. Values for the total 
phospholipid mixture from liver are given for comparison. If the slope of 
the curves during the initial rapid rise is taken as the best indication of the 
rate of reaction, it may be seen that the labeled phosphate enters the 
sphingomyelin fraction of liver at a rate which is 50 to 65 per cent of that 
observed for the total phospholipid from the same tissue. The rates seem a 
little more rapid for the normal rats and the curves reach their peaks at an 
earlier hour. A somewhat similar observation has been made by Jones, 
Chaikoff, and Lawrence (3) using mice bearing different tumors. In the 
present case one should keep in mind the fact that the experiments were 
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myelin and total phospholipid in the liver, the radioactive phosphate dis- 
appears more rapidly from the total phospholipid fraction when the inor- 
ganic labeled phosphate of the plasma has fallen to a low value. 

The values for spleen and kidney (Figs. 1 and 2), although based on g 
smaller number of determinations, indicate that the rate of entrance of 
radioactive phosphate into the total phospholipid and sphingomyelin in 
these organs 1s definitely slower than for liver. Not too much emphasis 
should be placed on this observation, for the difference may be entirely due 
to the rate at which inorganic phosphate is able to enter the cells of these 
tissues as compared to liver. In the kidney the labeled phosphate seems to 
enter the sphingomyelin at the same rate as the total phospholipid mixture, 
a situation different from that seen in the liver. In the spleen the rate of 
turnover of sphingomyelin appears to be slightly less than that for the 


total phospholipid. 
DISCUSSION 


The data reported establish some values on the occurrence of sphingo- 
myelin and indicate that the phosphate part of the molecule is replaced at a 
rate different from that for the other phospholipids in the case of the liver 
(assuming direct replacement). In the kidney the rate of turnover for 
sphingomyelin does not seem to be significantly different from that for the 
total phospholipid mixture, which consists chiefly of lecithin and cephalin. 
In the present study no attempt was made to separate these substances, but 
Chargaff and associates (4, 5) and Sinclair (6, 7) have found that in the liver 
the rate of formation for lecithin is usually somewhat greater than for 
cephalin. The same workers found equal rates of turnover for lecithin and 
cephalin in the kidneys. These facts suggest that the rates of svnthesis of 
lecithin, cephalin, and sphingomyelin, while quite different in the liver, may 
be essentially the same in the kidney. 

After most of this work had been completed, the report of Hevesy and 
Hahn (8) on the turnover of lecithin, cephalin, and sphingomyelin became 
available. The type of experiment used by these workers was quite differ- 
ent in some respects; yet the findings for sphingomyelin are very similar to 
those of the authors. Hevesy and Hahn report on the radioac tivity of 
liver sphingomyelin from four rabbits and one hen. The animals were 
killed 5 and 19 hours after administration of radioactive phosphate, or after 
receiving continuous intravenous injection of labeled phosphate for 3, 4, 
and 11 hours. From the results of these experiments it is possible to caleu- 
late that the radioactivity in sphingomyelin was 30, 50, and 45 per cent of 
that in the total phospholipid mixture at 3, 4, and 5 hours, respectively. 
In the authors’ experiments on rats the specific radioactivity of the liver 
sphingomyelin at 6 hours was about 50 per cent of that in the total phos- 
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pholipid in tumor-bearing animals and about 65 per cent in a group without 
tumors. 


| The rate of turnover, 


as measured with radioactive phosphorus, actually 
applies only to the phosphate part of the molecule. It is possible for the 
rate of turnover of fatty acids in the phospholipid molecule to be entirely 
different from that of the phosphate group (see Haven (9) and Sinclair (6)). 
In simultaneous studies with labeled fatty acids and labeled phosphate 
hq such differences would be detected. The rate of turnover for sphingomye- 
as measured with radioactive phosphorus, is fairly high. This indi- 
| cates that sphingomyelin must have an active part in phospholipid phos- 
E phorus metabolism—less than the other phospholipids, but quite signi- 
icant. However, it will be necessary to determine the rate of exchange of 
| 
| 


fatty acids in the molecule before definite conclusions concerning its réle in 


itty acid metabolism can be made. 


SUMMARY 
The sphingomyelin concentrations in the liver, kidney, and spleen from 
The values, expressed 


as follows: 


normal and tumor-bearing rats were determined. 


s per cent of the wet weight of tissue, are liver from normal 
nimals 0.20, liver from tumor-bearing animals 0.22, kidney from normals 
0.63, spleen from normals 0.35, spleen from tumor-bearing animals 0.33. 
Measurements on the entrance of radioactive phosphate into sphingo- 
that the rate of synthesis for this phospholipid is slower 
other phospholipids in the liver, 


the kidney 


myelin indicate 
than for th but approximately equal to 


the ot he rs 1n 
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\s a rule, globin is prepared from crystalline or purified hemoglobin 
solutions by treatment with acid or acid acetone. Anson and Mirsky (1) 
have shown that by this method globin hydrochloride is obtained from 
vhich a native globin solution can be prepared by careful neutralization. 
Roche (2) and Johnson and Bradley (3) have further purified native globin 
vy salting-out with ammonium sulfate. Roche and Combette (4) found 
that native globin solutions contain one component which can be pre- 
ipitated by 55 per cent saturation with ammonium sulfate and another 
omponent which is precipitated at between 55 and 65 per cent saturation. 

\ecording to Svedberg (5), globin is a polydisperse protein and does 
not have a definite molecular weight. A minimum molecular weight of 
7.000 was assigned to globin, suggesting that hemoglobin is composed ol 
four globin units. Polson (6) found that the molecular weight of myoglo- 

n is 17.600 There is evidence in the literature suggesting both the 
xistenee (7, 8) and absence (9, 10) of more than one hemoglobin in the 
me animal. Landsteiner, Longsworth, and van der Scheer (8) have 
ecently identified two electrophoretic components in crystalline chicken 
hemoglobin. In this paper we wish to report on the electrophoretic 
nalysis of globin solutions 

Elect ophoresis ID periments Native globin was prepared from beet 

00d as deseribed by Anson and Mirsky (1). A solution was obtained 
hich contained 1.8 per cent protein as ealeulated from nitrogen determina- 
Hons The nitrogen content of globin was found to be 16.8 + 0.1 per 
ent from an average of four determinations. Roche, Roche, Adair, and 
\dair (11) ealeulated the nitrogen content of beef globin from nitrogen 
letermination of hemoglobin to be 17.06 per cent. The solution was 
liluted with a 0.10 m glyeine-hydrochlorie acid buffer containing about 
0.12 m sodium chloride to yield a 0.5 per cent globin solution, and then 
dialyzed against the buffer medium until the hydrogen ion concentrations 


ind conductivities were nearly identical. This native globin solution was 


tested by the Tiselius method at 1.0° at pH 2.6 and at pH 3.7 and showed 


’ 


n both instances the presence ol two components: a “slow component 


consisting of approximately 40 per cent of the material and having an 


OSS 
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é and a 


average mobility of 6.6 * LO at pH 2.6 and 5.0 * 10° at pH 3 
‘fast’? component consisting of approximately 60 per cent of the material 
and having a mobility of 9.4 & 10° at pH 2.6 and 7.1 XK 10° at pH 3.7. 
To investigate the possibility that one of these components Is denatured 
globin which remained in solution when the native globin was prepared, 
an unpul ified globin preparation containing a large percentage ol denatured 
globin was subjected to electrophoretic analysis \gain the same com- 
ponents were found and in addition a small amount of a third very slow 
component The composition was 32 per cent ol the slow and 68 pet 
cent of the fast component, which is very similar to the composition of 
native globin We next investigated the presence ol these two components 
in a globin preparation which was prepared from native globin by reprecipi- 
tating it with acid acetone and then washing the precipitate with acetone 


and ether This preparation contained very little water-soluble (na- 





aT ongsworth patterns of native globin fraction precipitated at between 55 


tive) globin; however, it again contained 40 per cent of the slow fraction 
migrating with a mobility of 6.4 & 10 at pH 2.5 and 60 per cent of a fast 
component migrating with a mobility of 9.1 & 10~° at the same pH 

Since we wished to investigate these components analytically and 
also their physical properties, we attempted to separate the fractions by 
salting-out methods \ fraction described by Roche and Combette (4 
precipitating at between 55 and 65 per cent saturation with ammonium 
sulfate was prepared. After 2 weeks of continuous dialysis first against 
distilled water and then against a buffer solution, this fraction was tested 
cf Fig. 1) and was found to contain the same two components in the 
same proportion 

Dissociation of Hydrogen lons—The fractions were then se parated by 
electrophoresis in the large cell apparatus. They were dialyzed until 
practically chloride-free and their acid binding capacity was determined 
from pH 5.5 to 6.8. The average slope was 1.25 + 0.12 for the slow 
fraction and 0.96 + 0.05 for the fast fraction in equivalents per mg. ol 


nitrogen X 10! [It is of interest to note that the fraction which has a 
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higher mobility at the range of pH 2.5 to 3.7 possesses less buffering capac- 
ity in the pH range of 5.5 to 6.8. 

Absorption Spectra—Roche, Dubouloz, and Jean (12) studied the ultra- 
violet absorption spectra of globins prepared from various mammalian 
hemoglobins and found not only species differences but also individual 
differences. We determined the absorption spectra of fast and slow globin 
components in solutions containing 0.0857 per cent globin in glycine- 
hydrochloric acid buffer having a pH of 2.5, and found that the maximum 
extinction of the bands occurs at the same wave-lengths, but that the 
extinction for the fast component is somewhat greater than that for the 
slow component. 

Sulfur Determinations—In these we were especially handicapped by 
the fact that only small quantities of the components were available. 
The determinations were carried out by burning the dried protein in a slow 
stream of oxygen and collecting the gases on a glass spiral moistened with 
hydrogen peroxide. The spiral and the boat were washed with distilled 
water and the washings concentrated after being acidified with trichloro- 
acetic acid. The sulfate in the solution was determined in a manner similar 
to that used by Marenzi and Banfi (13). When large quantities were 
available, as in the case of whole or native globin, Fiske’s benzidine acidi- 
metric method (14) was used. From the average of ten determinations, 
the sulfur content of native and whole globin was found to be 0.61 + 0.02 
per cent of free globin. ‘This is in good agreement with the values given 
by Kaiser (15). Sulfur to nitrogen ratios were determined for the com- 
ponents. The nitrogen of the fast component was not significantly 
different from that of the whole globin; therefore, the nitrogen content of 
the slow component must be the same, that is, 16.8 per cent. From eight 
determinations, the fast component was found to contain 0.78 + 0.03 
per cent sulfur. On the basis of the relative proportions of fast and slow 
components as determined by electrophoretic analysis, the sulfur content 
of the slow component is calculated to be 0.36 + 0.04 per cent. Actual 
determination on four small samples, each less than 10 mg., gave an average 
value of 0.49 per cent. This value, however, is rather uncertain. 


DISCUSSION 


Although there is evidence for the existence of different hemoglobin 
molecules in crystals prepared from the blood of the same animal (7, 8), 
two hemoglobins were not isolated from their solutions. The globin 
components were both found in such substantial proportions that they 
could hardly be considered as deriving from two different hemoglobins 
present in these proportions in cattle blood. Evidence for the existence 
of two hemoglobins in these proportions has not been encountered in spite 
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of rather extensive investigation of cattle hemoglobin. It is not probable 
that the components are incidental denaturation products formed at the 
cleavage of hemoglobin. ‘The conditions under which the various prepara. 
tions were obtained were very different; vet the proportions ol the two 
components were found to be the same. This, together with the fact that 
the chemical composition (sulfur to nitrogen ratio) of the two fractions js 
different, suggests that the globin components Iisolat d are either derived 
from two different components oO! a compl x protein or are well defined 
distinct split-products of a protein. 

The bearing of these findings on the structure of hemoglobin is being 
investigated furthe However, the hypothesis that each of the four 
iron-porphyrin groups present in hemoglobin is attached to 1 globin 
molecule 16) having the molecular weight of about 16,500 or to distinct 
components of a complex globin molecule has merits. If one assumes that 
the globin components isolated eXpt rimentally were derived from smal] 
globin units, four of which exist in each hemoglobin molecule, then one 
will have to conclude that the two components are not equally distributed 


in each hemoglobin molecule since, if they were, their ratio should be either 


1:3 or 2:2 and not the one found, 2:3. This ratio can, however, be ex- 
plained by assuming that the globin components are distributed statistically 
in the hemoglobin molecules and that nol cules having the composition 
of aabb. aaab. abbb. and even daaaa and bbbb eXIST Vi he re a and h are used 
to designate the two globin components. Since the occurrence of the one 


component, ad, is 60 per cent and that of the other, b, is 40 per cent, the 


majority of the hemoglobin molecules should contain the complex globin 


substantial number should have the constitution aaah, and some- 


aabb., : 
what fewer should have the constitution abbb; the other forms mentioned 
should occur very rarely. Obviously the sulfur content of these various 


hemoglobin molecule is 12.5 atoms, the molecu 


; 


molecules should be different, since if the average sulfur content of the 
lar weight of heme-fres 


hemoglobin being taken as 65,600, the fast component should contain 4 
atoms of sulfur, that is 0.78 per cent, and the slow component, 2 atoms ol 
sulfur, that is 0.39 per cent. Work is being continued on this aspect of the 


problem. 
SUMMARY 

In various globin fractions, which behave rather differently with regard 
to their solubility, the same two electrophoretic components were demon- 
strated. There is about 60 per cent of the fast component and 40 per cent 
of the slow component in globin. 

The components were isolated and studied. ‘They were found to be 
different with respect to their hydrogen dissociation curve, their absorption 
spectra, and their sulfur content. 
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DETERMINATION OF THIAMINE IN URINE BY THE 
THIOCHROME METHOD: ESTIMATION OF 
THE BLANK 


By HAROLD L. MASON ano RAY D. WILLIAMS* 


From the Division of Biochemistry, The Ma 10 Foundation, Rochester, Minnesota) 


R -elved ior publi ‘ation. October 13. 1942) 


The thiochrome method of Hennessy and Cerecedo (1, 2) for the deter- 
mination of thiamine has been used for several vears in the laboratories of 
the Division of Biochemistry at the Mayo Clinic for the determination of 





thiamine in urine. We have demonstrated to our satisfaction that thia- 
mine added to urine can be quantitatively recovered by this method. 
However, it has not been established with certainty that the initial value 
represents the true thiamine content of the urine as excreted. We have 
pointed out previously (3) that when large amounts of nicotinic acid are 
ingested, the urine contains non-thiamine material which acts very much 
ike thiamine in the method and causes the apparent value for thiamine 
to be too high. Ordinarily, the amount of this non-thiamine material is 
too small to interfere seriously with the determination, but, since it is 
sometimes desirable to know the quantity of thiamine that is excreted when 
arge amounts of nicotinic acid are being administered, and since in many 
ther conditions it would be desirable to determine how much of the ap- 
parent thiamine is attributable to other substances, this study was under- 








taken. 
A partial value for the non-thiamine material was previously obtained 
measurement of the fluorescence before and after destruction of the 
thiochrome with ultraviolet light. There was some reason, however, for 
belief that this procedure also destroyed some of the non-thiamine fluores- 
ence, and it was not very satisfactory. It seemed probable that the 
thiamine could be destroyed by sulfite (4) and that the non-thiamine 
material which acted like thiamine in the method could then be deter- 
mined by the usual procedure for thiamine. The results herein presented 
support the conclusion that this procedure affords a valid correction of the 
values for thiamine in the urine determined by the thiochrome method. 
Since the procedure of Hennessy and Cerecedo has been modified some- 
what to adapt it to large scale use, a brief outline of the procedure will be 
given so that certain later steps may be made clear. 
The reagents and tubes for permutit are those described by Hennessy 


* Fellow in Medicine, The Mayo Foundation 
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(2) and the permutit is purified according to his description. It is believed 
advisable to charge the tubes with 5 cm. of fresh permutit for each deter. 
mination, although it is possible to use the permutit a number of times, 
Urine is collected in a bottle which contains 10 cc. of glacial acetic acid, 
The aliquot for analysis, which is chosen to contain approximately 1 ¥ of 
thiamine, is adjusted to a pH of between 4 and 4.5. The amount of glacial 
acetic acid or of saturated solution of sodium acetate necessary for adjust- 
ment of the pH is determined with a separate aliquot, and brom-cresol 
green is used as the indicator. Even though the thiamine content of the 
urine is very low, the volume of the aliquot is restricted to 20 ml. to avoid 
the accumulation of salts by the column. After passage of the urine, the 
column is washed with 30 ml. of distilled water and the thiamine is then 
removed by passage through the column of a hot 25 per cent solution of 
potassium chloride in approximately 0.1 N hydrochloric acid until 15 ml, 
have collected in a graduate. The entire solution containing the thiamine 
is transferred to a test-tube 2.5 by 20 cm. in size and the graduate is 
rinsed once with 2 ml. of water. After the addition of 17 ml. of isobutanol, 
the mixture is stirred with a stream of air for a few seconds until it has the 
appearance of a homogeneous emulsion. Then 2 ml. of 10 N sodium hy- 
droxide containing 6.6 mg. of potassium ferricyanide are added quickly 
from a pipette which is filled and emptied by means of a rubber bulb. 
Stirring is continued for 1 minute. The aeration tube is washed down with 
distilled water and the tube is set aside to allow the two phases to separate, 
Only occasionally does a stable emulsion form, but in case this happens, 
the emulsion is broken by centrifugation. The addition of the alkali and 
subsequent stirring are critical steps in the process, and a rigid technique 
must be developed to achieve constant duplication of results. The iso- 
butanol layer is transferred to another similar test-tube by means of suc- 
tion. A little anhydrous sodium sulfate is added and shaken up with the 
isobutanol to remove turbidity. When the salt has settled, 10 ml. of 
isobutanol are withdrawn for fluorometry. 

This procedure is well adapted for large scale routine determinations, 
It also provides for complete duplicates instead of duplication of the oxi- 
dative procedure on aliquots of the potassium chloride solution obtained by 
passage of a single specimen of urine through a column of permutit. Pro- 
vision for a blank determination at the point at which alkali is added by 
elimination of the ferricyanide is of no value when it is applied to urine, as 
we have shown. 

In the present study of the blank determination the conditions necessary 
for complete destruction of thiamine were established. The data in Table 
I show that at pH 5, 10 y of thiamine in 10 to 15 ml. of urine were com- 
pletely destroyed by heating for 15 minutes at a temperature of 100° with 
25 mg. of sodium sulfite. Destruction of the 10 y of added thiamine was 
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not quite complete in the volume of 20 ml.; approximately 1 per cent 
(0.13 y) of the added thiamine remained after the treatment with sulfite 
(Table I, lines 9 and 10). However, since 10 y represent 5 to 10 times as 


much thiamine as would ordinarily be encountered in this volume of urine, 


25 mg. of sulfite afford an adequate margin of safety. 


TABLE I 


The data of Table 


Results of Variations in Amount of Sulfite and in Duration of Heating 


Volume of urine 


Thiamine added 


Weight of sulfite 


Time heated at 100° 


Blank value in 
volume used in 
terms of thiamine 


ml. Y me min. ¥ 
10 25 15 0.23 
10 25 30 0.21 
10 50 15 0.25 
10 50 30 0.24 
10 25 15 0.45 
10 10 25 15 0.46 
15 25 15 0.48 
15 10 25 15 0.48 
20 25 15 0.53 
20 10 25 15 0.66 
TABLE II 
Variation of Blank Value with Volume 
Urine, 24 hr. specimen No Volume of sample Blank value in terms of thiamine 
mi. Y 

l 10 7.8 

] 20 4.9 

2 10 10.9 

2 20 6.0 

3 10 5.3 

3 20 3.8 

4 5 11.0 

4 10 7.8 

{ 20 §.2 


| were obtained with two different specimens of urine from persons who 


were ingesting 300 mg. of nicotinic acid daily. 
It will be observed that the blank values do not increase in proportion 


to the volume of urine; that is, the value found in 15 ml. of urine is not 
significantly greater than the value found in 10 ml. of urine. This effect 
is shown more specifically in Table II, in which the blank values are given 


as the total amounts in 24 hour specimens. Since the blank value is not 
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proportional to the volume ol urine, the aliquot used for the blank deter- 
mination must be the same as that used for the determination of the total] 
apparent thiamine. 

The following procedure has been found satisfactory for the determina- 
tion of the non-thiamine material which occurs in urine and which is de- 
termined along with thiamine in the usual procedure. The desired volume 
of urine, 5 to 20 ml., is adjusted to approximately pH 5 by the addition 
of a few drops of a saturated solution of either sodium acetate or of glacial 
acetic acid. Then 25 mg. of sodium sulfite are added, either as the anhy- 
drous salt or in 1 ml. of a solution, and the mixture is heated in boiling 


water for 15 minutes. The pH of the urine may change somewhat during 


TaBLe III 
Comparison of Blanks Obtained b } Destruction of Thiamine a) file ’ T hose 
Obtained by Destruction of Thiochrome wit) Ultraviol L gi 
Re r i 
4 c ; | N 
[ Des | ¢ 
l S.8 7.2 
2 17.6 16.8 
3 8.0 8.0 
4 5.2 5.3 
5 5.1 5.1 
6 6.5 5.1 5 
7 t.3 +. ] ..5 
bet 7. 5 oO 
9 9 8 9.0 8.8 
10 5.0 5.0 17 


1 


the heating, but does not do so sufficiently to interfere with either the 


f thiamine or the recovery of material by the permutit. 


destruction « 
Without further treatment the urine, either hot or cold, is passed through 


the column of pe rmutit and thereafter the procedure is carried out as usual. 


Comparison in Table III of the blank values obtained with the use of 


sulfite (second column) and those obtained by destruction of the thio- 
chrome with ultraviolet light (third column) reveals agreement, on the 
whole, with higher values for the sulfite blank in some instances Although 
it may appear that not all the thiamine was destroyed in the latter in- 
stances, such an explanation seems unlikely, since the addition of more 
sulfite and maintenance of a longer period of heating resulted in the same 
values. Irradiation with ultraviolet light of the isobutanol solution after 
the use of sulfite usually lowered the value of the sulfite blank to the same 


value as was obtained by irradiation of the thiochrome solution. Since 
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the irradiations necessarily took some time and could not all be carried 
out in 1 day, there were small fluctuations in the fluorometer readings 
because of changes in the intensity of the ultraviolet light. In view of 
this difficulty agreement is considered satisfactory for urine Specimens 6 
to 10 (Table III). The agreement between the blank values obtained by 
the two methods supports the conclusion that sulfite destroys only thia- 
mine, so far as the method is concerned, and that it does not act on any 
other constituent of the urine to change the amount of fluorescence ex- 
hibited by the non-thiamine material which acts like thiamine in the 
method. 


TaBLeE IV 


7 {pte l Re sults of A nalysis of Urine for Thiamine " Inel iding Blank Value 8 
. Total volume Total apparent Blank in terms . 
Patient N - I , lank in term , laice 
: f t Aliquot thiamine of thiamine Net thiamine 
m mi 7 7 ¥ 
la 3240 20 117.0 19.0 98.0 
Lb 2840 20 237 .0 15.0 999.0 
9 670 5 87.0 13.0 74.0 
Sa 1600 10 186.0 &.0 178.0 
Sb L680 15 130.0 9.0 121.0 
{ 500 20 7.0 1.8 5.2 
5 600 A) 5.7 2.9 2.8 
6 a G00 1) 10.0 D.2 t.8 
6 | 740 20 11.0 3.7 7.3 
7 940 20 8.6 1.5 t.] 
* Patients 4 to 7 were on a diet restricted in thiamine content. 


In Table IV are presented some typical results for total apparent thia- 
mine, for the blank values, and for net thiamine obtained with various 
specimens of urine. Unless nicotinic acid therapy is under way, the blank 
values are small as compared to the total value, unless the total value it- 
self is very small. In that case the blank value may be 50 per cent or more 
of the total value. It appears that, even when the intake of thiamine is 
severely restricted, a few micrograms of thiamine are excreted each day. 


SUMMARY 


Conditions have been established for the complete destruction of thia- 
mine in quantities of urine ordinarily used for the determination of thia- 
mine. The residual fluorescence of the urine as determined by the usual 
thiochrome procedure gives a blank value which affords a valid correction 


of the gross value for thiamine. 
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A DIRECT COLORIMETRIC METHOD FOR THE 
DETERMINATION OF UREA IN BLOOD 
AND URINE 
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(From the Department of Biochemistry, School of Medicine, University of Texas, 
Galveston) 


(Received for publication, October 13, 1942) 


At the present time urea is usually determined by one of three methods; 
viz., the aeration and titration procedure of Van Slyke and Cullen (1), 
the gasometric technique of Van Slyke (2), or one of the many modifica- 
tions of the nesslerization procedure. The Van Slyke and Cullen proce- 
dure is accurate but requires 3 ml. of whole blood and is time-consuming; 
the gasometric method is also accurate but requires special equipment 
which is often not available in clinical laboratories. The chief fault of the 
nesslerization procedures is their inaccuracy, due primarily to the readiness 
with which the final solution becomes turbid and to a difference in quality 
of the color produced in the standard and sample. Gentzkow (3) claims 
to have overcome these errors in a recent modification of the direct nessleri- 
zation technique. All of these methods, with the exception of the gaso- 
metric procedure, also suffer from the disadvantage that ammonia is an 
interfering substance and must be determined separately. 

The method to be described has the following advantages: (1) it is a 
colorimetric reaction which is applied directly to urine or to blood filtrate, 
no aeration or distillation being necessary; (2) ammonia does not interfere 
with the reaction; (3) a degree of accuracy is possible which surpasses that 
of most nesslerization procedures and is at least equal to that of the Van 
Slyke techniques; (4) the method is believed to be the simplest and most 
rapid yet described. 

The method is based on a reaction first described by Fearon (4). When 
urea is heated with biacetyl monoxime in acid solution, a yellow color de- 
velops, deepening on subsequent oxidation with potassium persulfate. 
Many substituted ureas give a red color, but only urea yields a yellow 
pigment. Fearon used the reaction for the approximate determination of 
citrulline in casein, Gornall and Hunter (5) later modifying the procedure 
for the accurate determination of citrulline in tissues. Abelin (6) applied 
the reaction to the determination of urea in serum, but, since the reaction 
was carried out in neutral solution and no oxidizing agent was added, only 
a very rough approximation to the amount of urea present was given. 

Fearon (4) has studied the specificity of the reaction. Urea was the 
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only substance giving a yellow to orange color but t’ae following compounds 
gave rise to a red color, similar to that obtained with citrulline: methylurea, 
butylurea, phenylurea, 8 naphthylurea, dimethylurea, allantoin, semicar- 
bazide, citrulline, and all higher proteins examined. The test was found 
by Fearon to be negative with ammonium salts, hydrazine, carbamate, 
cyanate, acetamide, diphenylurea, guanidine, methylguanidine, creatinine, 
creatine, glycocyamine, uroxamie acid, uric acid, indole, and all amino 
acids examined (glycine, glycine ester, sarcosine, alanine, cystine, tyrosine, 
tryptophane, arginine, histidine, lysine, proline, hydroxyproline, aspara- 
gine, aspartic acid Fearon (4) concluded that ‘‘the test is positive with 
compounds containing the system R,-NH -CO-NH- Ro, where R; is either 
hydrogen or a simple aliphatic radicle, and R, is not an acyl radicle.” 
Gornall and Hunter (5) added some a-carbamido derivatives to the list 
of substances giving a positive test. Allantoin has been further tested in 
our own laboratory and was found to give only a very feeble positive reac- 
the experiments to 


tion. Although human urine was used throughout ir 
be deseribed, the feeble color given by allantoin in animal urines would 
introduce no appreciable error. The small amount of color introduced by 
allantoin would be further minimized by the use of the proper filter in the 


colorim¢ tel 
EXPERIMENTAI 


The method given below was found to be that which would combine an 
optimum stability with an optimum intensity of color. ‘The conditions 
necessary for maximum color development from urea are very similar to, 
although not identical with, those which are used in the determination of 


citrulline (5 


Method 
Re agents 
1. Concentrated HC] 
2. Biacetyl monoxime; a 3 per cent aqueous solution. This solution 


appears to last indefinitely when kept in the refrigerator 

3. Potassium persulfate; a 1 per cent aqueous solution. The solution is 
somewhat unstable, and should be made up weekly and kept in the re- 
frigerator Actually it is good for a somewhat longel! period, but solutions 
t weeks old were found to give definitely lower results than did those which 


were freshly prepared 


}. Standard urea solution. A solution was prepared such that 1 ml. 
contained 0.1 mg. of urea \ little chloroform was added as a preservative. 


Procedure—The volume of sample used should contain preferably from 
0.1 to 0.2 mg. of urea (extreme limits, 0.05 to 0.3 mg.) and must not ex- 
ceed 3 ml. For most samples of human urine 0.01 ml. (1 ml. of a 1:100 
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dilution), and for blood 3 ml. of the usual Folin-Wu filtrate were sufficient. 
Place appropriate volumes of sample in test-tubes, 1 ml. and 2 ml. of urea 
standard in similar tubes, and 3 ml. of distilled water in another tube to 
serve as a blank. The volume in each tube is then made up to 3 ml. with 
distill d water 

Add to each tube 5 ml. (accurately measured) of concentrated HCl. 
Follow this with 0.5 ml. of 3 per cent biacetyl monoxime. 

Mix the contents by rotation and place the tubes in a vigorously boiling 
water bath for exactly 10 minutes. During the heating it is necessary to 
prevent evaporation. This may be accomplished by covering the tubes 
with hollow glass bulbs, small funnels, or some similar device. In this 
laboratory ordinary glass marbles were used successfully. 

Remove the tubes simultaneously and cool for 2 minutes in running 
water. 

Add slowly 0.25 ml. of 1 per cent potassium persulfate, so that a separate 
laver is formed. After this reagent has been added to all of the tubes, 
stopper, and mix simultaneously by inverting a few times. 

The intensity of color is then read at intervals in a Klett photoelectric 
colorimeter, with a No. 42 filter. The time required for development of 
the maximum color depends on the concentration of urea. If thesample 
contains 0.1 mg. of urea, the maximum develops in about 5 minutes after 
mixing with the persulfate; 0.2 mg. requires 10 to 15 minutes, and 0.3 
mg. from 25 to 30 minutes. Since the color fades at a very slow rate, it is 
sufficient, for most purposes, to take readings at, say, 5, 15, and 25 minutes. 
With a little experience one can easily judge the approximate time at which 
the maximum will occur by noting the color of the tubes when removed 
from the water bath. 

The results may be calculated in the usual way by reference to the read- 
ing of the standard. Since, however, the color-concentration curve is not 
a straight line throughout the whole range, some error is introduced by this 
method of calculation if the standard and unknown readings are too far 
apart. Better results are obtained if the values are taken from a cali- 
bration curve (Fig. 1). Although the weekly changes in persulfate solu- 
tion have no effect on the curve, it was found that a new curve had to be 
constructed for each solution of biacetyl monoxime. Fortunately the 
latter reagent is stable and can be prepared in large amounts, so that one 
curve will last for a long period. 

The method as outlined was designed for use with the Klett photoelectric 
colorimeter, but results sufficiently accurate for clinical use can be obtained 
with the ordinary visual colorimeters. 

Comparison with the Van Slyke-Cullen Method. Urine Analyses—Table 
[ shows the results on a number of urines analyzed by both methods. The 
values are in good agreement, especially when results by the biacetyl 
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monoxime method are obtained from the calibration curve. 


In subsequent 
tables all values given were obtained by reference to the curve. 
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Fig. 1. Calibration curve showing the relation between the amount of urea in the 
sample and readings on the Klett photoelectric colorimeter, with No. 42 filter. 


TaBLe [| 


Comparison of Biacetyl Monozime Method with Van Slyke-Cullen Procedure for 
Determination of Urea in Urine 


All values are expressed as gm. of urea per 100 ml. of urine. 


Biacety! monoxime method 
Specimen No. Van Slyke-Cullen method 


Calculated from standard From curve 


l 2.50 2.51 2.54 
2 2.16 2.12 2.13 
3 2.26 2.21 2.26 
4 2.82 2.90 2.82 
5 2.51 2.65 2.58 
6 2.21 2.26 2.18 


The values found by the two methods did not agree as 
It was felt, 


Blood Analyses 
closely for blood as had been the case with urine (Table II). 
however, that, at least in our hands, the more accurate results were those 
obtained with the biacetyl monoxime method. In the first place, 
checks on duplicate samples showed much better agreement by the present 
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method than by the Van Slyke-Cullen procedure. Secondly, excellent re- 
coveries of added urea were obtained by the biacetyl monoxime method 
and, finally, the potential errors involved in the application of the Van 
Slyke-Cullen technique to blood analysis are certainly greater than when 
that method is used for urine, even though Van Slyke (2) was able to ob- 
tain the same results from whole blood and from the Folin-Wu filtrate, 
using the aeration and titration method in the one case and the gaso- 
metric technique in the other. Cells of whole blood have been shown to 
contain arginase (7, 8). With sufficient time, there will be some urea 
formation from the action of this arginase on the arginine of the blood. 
During the incubation of whole blood with urease one must, therefore, 
strike a happy medium between too short an incubation, giving low results 
because of incomplete conversion of urea to ammonia and COs, and too 


TaB_e II 
Comparison of Biacetyl Monozime Method with Van Slyke-Cullen Procedure for 
Determination of Urea in Blood 


All values are expressed as mg. of urea per 100 ml. of whole blood. 


Specimen No Van Slyke-Cullen method Biacetyl monoxime method 
] 35.2 34.2 
2 29.5 28.0 
3 29.8 30.0 
4 34.7 36.5 
5 34.1 34.2 
6 21.6 21.2 
7 40.1 40.4 


long an incubation, giving high results because of the formation of urea 
from arginine. 

Therefore, whereas at least 15 minutes (we have used 30) are advised 
for the incubation of urease with urine, only 5 minutes are recommended 
for blood. In a study of the effect of blood cells on the determination of 
urea by the Van Slyke-Cullen method, Behre (8) concluded that the true 
urea content of blood can be obtained only by the analysis of blood filtrates. 
It must be admitted that the color obtained with blood filtrates treated 
with biacetyl monoxime is slightly different, qualitatively, than that ob- 
tained with the standard urea solution, owing to the presence of small 
amounts of citrulline or other material giving the carbamido reaction. 
The colors given by urea and by carbamido compounds are quite different. 
Fig. 2 shows the per cent transmission of light between 400 and 650 mu, 
as determined with the Coleman spectrophotometer, for the colors pro- 
duced by urea and by citrulline. The No. 42 filter, supplied with the Klett 
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photoelectric colorimeter, allows passage of light between 400 and 465 my, 
It is in this range that the two absorption curves diverge most. The 
use of this filter, then, eliminates a considerable part of the small error 
introduced by the foreign color. If this color were the source of the lack 
of agreement between the two methods, the results by the present method 
should be consistently higher than those obtained by the Van Slyke-Cullen 
procedure, and this was not the case. 

Some preliminary work with the Coleman spectrophotometer indicated 
that this instrument offers definite advantages when the present method 
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Fig. 2. Curves showing th per cent transmission of light between 400 and 650 
my by colored solutions obtained by treating urea and citrulline with biacetyl mon 
oxime in acid solution, 1¢ llowed bv pe rsulf ite 
is applied to blood analysis. The method becomes more sensitive; so that 


low blood ureas, which are near the lower limit for the method as outlined 
above, give satisfactorv readings, and the foreign color found in blood 
filtrates is perhaps more adequately eliminated by the use of a more nearly 
monochromatic light source 

Recovery of Added Urea—Recovery of urea added to urine is shown in 
Table III. In the last three specimens the urine was treated with urease 
to remove urea already present, the urease then being removed by acidify- 
ing, boiling, and filtering the urine. It was found, however, both by the 
present method and by the Van Slyke-Cullen procedure that the resulting 


urine still contained 28 mg. of urea per 100 ml. 
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Recovery of urea added to blood is shown in Table IV. The original 
yea content of the blood is much lower than in the samples of Table IT. 
The blood specimens of Table II were mixed samples, some being patho- 
logical, from the clinical chemistry laboratory, whereas those of Table IV 
were from normal individuals. 


TaB_e II] 
Recovery of Urea Added to Urine 


All results are expressed as mg. of urea per 100 ml. of urine. 


l 1710 211 1940 101.6 
l 1710 306 2065 102.4 
2 1360 518 1864 99.2 
3 2258 289 2516 98.8 
{ 1750 521 2214 97.5 
5 28* 1626 1656 100.1 
> 28* 1832 1884 101.3 
5 28* 2027 2088 101.6 


* Urea largely removed by treatment with urease. 


TABLE IV 
Re cove ry of Ure a Add d to Blood 


All results are expressed as mg. of urea per 100 ml. of whole blood. 


Specimen No Ure I Urea added Urea found - ae 
] 20.5 7.5 28.1 100.4 
2 20.3 15.0 36.1 102.3 
2 20.3 25.0 45.2 99.8 
3 27.8 15.0 42.6 99.5 
f 26.8 20.0 47.8 102.2 
5 20.8 20.0 40.6 99.5 


Time of Maximum Color Development—The rate of development of color 
with various concentrations of urea is indicated in Fig. 3. The time re- 
quired to reach the maximum color is seen to increase with the concentra- 
tion of urea. If it is necessary to obtain the greatest possible accuracy, 
successive readings must be taken frequently enough so that the true maxi- 
mum will be observed. Since, however, the rate of fading is slow, it is 
possible to obtain fairly accurate results, suitable for most purposes, by 
taking readings at 5 and 10 minutes when the concentration appears low, 
and at 20 and 30 minutes for samples with a higher concentration of urea. 
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Effect of Time of Heating—The amount of color developed is dependent 
on the length of time in which the tubes are in the boiling water bath, 
The intensity of color increases rapidly up to 9 minutes boiling, and then 
increases more slowly. 10 minutes were selected as a reasonable length 
of time which would give nearly the maximum amount of color obtainable, 
In order to get reproducible results it is necessary to adhere strictly to a 
given time of heating. In addition to this it is also advisable to reproduce 
as closely as possible the other conditions of heating. To this end we have 
used test-tubes of a uniform diameter and have avoided superheating by 
employing a wire rack which supports the tubes vertically, about 2 inches 
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Fic. 3. Curves showing the relationship between colorimeter readings and time 
elapsed after addition of persulfate for various concentrations of urea. The figures 


in pare ntheses indicate the number of mg. of urea in the sample. 


The water in the bath must, of 
Lower 


from the bottom of a large water bath. 
course, be boiling vigorously throughout the entire heating period. 
temperatures (37°, 45°, 60°) were found to give such a slow development of 
color as to be entirely impracticable. 

Amount and Kind of Oxidizing Agent—Oxidation is necessary in order 
to get the maximum intensity of color, but an excess of oxidizing agent will 
cause a rapid destruction of the pigment. Fearon found that, whereas 
most of the commoner oxidizing agents would develop the color, potassium 
persulfate was less destructive to the formed pigment. Different amounts 
of persulfate were tried and it was determined that the optimum effect, 
maximum color with slowest fading, was obtained by using 0.25 ml. of a 
1 per cent solution. 
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Effect of Light—During the early part of this work a set of tubes was 
inadvertently placed, after addition of persulfate, in the direct sunlight, 
and was found to fade very rapidly. Further experiments disclosed that 
only direct sunlight had this effect. Curves, showing development of color 
against time, constructed for samples carried through the procedure on a 
bright day in the ordinary light of the laboratory were identical with curves 
for other samples carried through the procedure in darkness, the latter 
being brought into the light only for the addition of reagents. When the 
samples are placed in the sunlight after the addition of persulfate, the only 
effect noted is a rapid fading. If, however, two similar sets of tubes are 
carried through the procedure, one set being placed in a boiling water bath 
in direct sunlight, while the other is heated in the ordinary light of the 
laboratory, it is readily seen that the effect of sunlight at this stage is to 
increase the color, the deep yellow color produced being apparently the 
same as that formed on the addition of persulfate in the regular procedure. 
This color, however, fades very rapidly and it was not possible to determine 
the maximum intensity by colorimetric readings. It appears, then, as if 
direct sunlight has, at least qualitatively, the same effect as does the 
addition of an excess of potassium persulfate. 

Other Factors—The amount of biacetyl monoxime solution to be used 
was determined experimentally and 0.5 ml. of a 3 per cent solution was 
found to give the best results. Most samples of biacetyl monoxime are 
not pure white but are slightly tinged with yellow. The amount of yellow 
color may increase in stored bottles. Apparently this has no effect on the 
determinations, the foreign color being taken care of by the blank. It was 
found, however, that the calibration curve changed materially when a 
new batch of biacetyl monoxime solution was prepared. However, as 
mentioned previously, the reagent is stable and can be prepared in rather 
large amounts, thus obviating the necessity of constructing new calibration 
curves at frequent intervals. 

Fearon (4) states that ““H,SO,, H;PO, or trichloroacetic acid may be used 
as condensing agents instead of HCl, but appear to offer no advantages.” 
This was with reference to the color produced with citrulline. We have 
found that the only acid which could be substituted for HCl in the deter- 
mination of urea was sulfuric acid, and that even in this case the intensity 
of color was distinctly less than when HCl was used. The quantities of 
sample and acid employed in the procedure given above were designed 
as being particularly suited for the Klett photoelectric colorimeter. 


SUMMARY 


A direct colorimetric procedure for the determination of urea in blood 
filtrates and in urine has been presented. 
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The procedure is based on the reaction between urea and biacetyl monox- 
ime in acid solution to give a yellow color, deepening to a yellow-orange on 
subsequent oxidation with potassium persulfate. 

The method is believed to possess the following advantages: (1) it is 
rapidly and simply carried out, requiring no special apparatus or particu- 
lar degree of skill; (2) the determination can be carried out with 3 ml. of 
blood filtrate; (3) ammonia offers no interference; and (4) the degree of 
accuracy compares well with that of the best previously published pro- 
cedures. 
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SPECTROPHOTOMETRIC STUDIES 


X. STRUCTURAL INTERPRETATION OF THE SPECTRA OF CYANIDE, 
PYRIDINE, AND CARBON MONOXIDE DERIVATIVES OF 
CYTOCHROME C AND HEMOGLOBIN 


By DAVID L. DRABKIN 


(From the Department of Physiological Chemistry, School of Medicine, University of 
Pennsylvania, Philadelphia) 


(Received for publication, September 17, 1942) 


The investigations of Theorell (1) have led to the conclusion that in 
cytochrome c 2 histidine and 2 cysteine residues of the protein are con- 
cerned in its union with the prosthetic group. Both imidazole groups 
coordinate strongly with the iron, while the cysteine molecules combine in 
some type of thio-ether linkage with the vinyl residues of the cytochrome c 
hemin. The exact nature of the latter linkage in intact cytochrome c is at 
present unknown. The unusual thio-ether structure was inferred from the 
postulated configuration of porphyrin c, a dicysteine adduct of proto- 
porphyrin obtained, under vigorous hydrolysis conditions, from cyto- 
chrome c (2). The question of the existence of porphyrin c preformed in 
the cy tochrome c molecule has not been settled to full satisfaction. Theo- 
rell had adopted the cautious view that porphyrin c could be a preparational 
artifact (3). Zeile and Meyer (4) have succeeded, however, in preparing 
porphyrin c from cytochrome ¢ under conditions claimed by them to exclude 
the possibility of the creation of dicysteine-porphyrins through the con- 
densation of vinyl and thio groups. With certain reservations Theorell 
5) has therefore returned to his original view of the presence of some form 
of thio-ether linkage in the so called hemin c of cytochrome é. 

It appears that insufficient attention has been directed towards the ab- 
sorption spectra of cytochrome c and its derivatives, as well as the inter- 
pretation of these spectra, particularly from the standpoint of the presence 
of a modified hemin in cytochrome c. Absorption constants, upon an iron 
basis, at characteristic wave-lengths for ferrocytochrome c and for the 
pyridine derivatives of ferroproto-, ferromeso-, and ferrocoproporphyrin 
have been presented by the writer in a previous communication (6). 
In this paper data are furnished upon the spectra of cyanide, pyridine, 
globin, carbon monoxide, and globin carbon monoxide derivatives of the 
above hemins, as well as upon the spectra of corresponding derivatives 
prepared from hemoglobin and ferrocytochrome c. The assembled evi- 
dence now appears to justify the following interpretations. (1) The 
various spectra fall into several characteristic pattern groups, the shape 


605 








606 SPECTRA OF FERROHEMIN DERIVATIVES 


and intensity of absorption being determined by the nature of the groups 
coordinating with the hemin iron. (2) The wave-length location of the 
a- and 8-bands in the derivatives studied is, on the other hand, largely a 
function of the hemins themselves, and most probably of the groups sub- 
stituted in positions 2 and 4 (Fischer’s notation (7) applied to iron por- 
phyrins belonging to etioporphyrin Type III). The presence of un- 
modified vinyl groups in these positions in the protoporphyrin complexes 
(to which derivatives of protohemin and hemoglobin belong) accounts for 
an appreciable shift of a- and 6-bands towards the longer wave-lengths 
in comparison with the location of maxima in the corresponding deriva- 
tives of meso- and coprohemin and in cytochrome c and its derivatives, 
From this the inference is drawn that natural cytochrome c does not 
contain an unmodified protohemin with free vinyl groups in its structure, 


Methods 


Spectrophotometry was carried out by the technique described in earlier 
papers (6,8). The protohemin was prepared from washed erythrocytes of 
man by the method of Drabkin and Austin (9). The other hemin prepara- 
tions and the cytochrome c were the same upon which certain spectro- 
photometric constants (6) and iron (10) had been previously determined. 
The values of « (c = 1 mm per liter, d = 1 cm.)! are reported upon an Fe 
basis, 1 mm = 1 mmof Fe. The concentration of individual solutions was 
determined spectrophotometrically upon aliquots suitably prepared, with 
the following ¢ values at characteristic maxima: 26.1 at 550 my for ferro- 
cytochrome c in aqueous solution (6), 9.4 at 536 mu for ferricytochrome c 
cyanide in 0.2 m NaOH, 11.5 at 540 my for ferrihemoglobin cyanide 
(cyanmethemoglobin), 11.3 at 545 my for dicyanide ferriprotoporphyrin 
(11), 9.7 at 537 my for the cyanide derivative of ferrimesoporphyrin, and 
10.7 at 535 my for cyanide ferricoproporphyrin. 

The cyanide derivatives of the hemins were prepared by the addition of 
excess solid KCN to solutions of the respective ferrihemins in 0.200 m 
NaOH. In those cases in which pyridine was employed, the final concen- 
tration of the nitrogenous base was 6.19 m (50 per cent by volume). Re- 
duction, when required, was obtained by means of solid sodium dithionite 
(NaS.0,), a high grade reagent (Eimer and Amend, low in iron). Con- 
version to carbon monoxide derivatives was accomplished in the following 
way. Approximately 10 cc. of the pigment solution were placed in a small 
tonometer (capacity 75 cc.). Solid dithionite was then added to the 


‘In the notation ¢« (c = 1 mm per liter, d = 1 cm.), « = (1/(e X d)) X log J/I, where 
the concentration c is expressed in mm per liter, the depth d in cm., the original in- 
tensity J, is 1.0, and the intensity of transmitted light J is expressed as a fraction of 
unity. Hereafter in this manuscript the symbol e, defined as above, will be used. 
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solution, and the air quickly swept out from the tonometer by a stream of 
illuminating gas, washed through NaOH and water. The solution was 
equilibrated in the usual manner, with several renewals of the gas and 
rotation of the tonometer during a period of about 20 minutes. The solu- 
tion was then admitted into a cuvette of 1 em. depth used for spectro- 
photometry, about 2 mg. more of the reductant being added before the 
cuvette was sealed. This procedure was adopted to insure maintenance 
of complete reduction both during exposure to CO and subsequent measure- 
ment. 

The globin used in these experiments was prepared by an acetone- 
hydrochloric acid method, modified from that of Schenck (12) and of 
Anson and Mirsky (13); washed human erythrocytes, diluted with 1 
volume of distilled water and saturated with CO, were employed as the 
starting material. The details of the preparation are postponed fer later 
presentation. Sedimentation measurements (14) indicate that globin has 
a molecular weight of 34,000. In the hemoglobin molecule, two globin 
units of this molecular weight magnitude would each be associated with 2 
iron atoms (2 hemin residues). The equivalent weight of globin, referred 
to 1 atom of iron, was therefore taken as 17,000. The concentration of 
globin solutions was based upon their N content, the figure of 16.9 per cent 
being used for total N (15), and the values are reported in mm, the above 
equivalent weight of 17,000 being employed as the molecular magnitude of 
reference. The absorption data presented for the derivatives prepared 
from the globin have been corrected for the presence of traces of hemin in 
the protein. Since the globin solutions were made up in 0.2 M NaOH, the 
derivatives studied are those of denatured globin. In describing these 
derivatives the term globan (analogous with the term edestan) will be used 
in the general nomenclature previously adopted (11). To avoid confusion 
it should be stated that globan derivatives may be prepared either by the 
addition of alkali to hemoglobin, or by the addition of hemin to alkaline 
solutions of globin. Both types of preparations were employed, and they 
will be distinguished by appropriate description in the text. The pH of 
the various solutions studied was determined by a glass electrode. In the 
very alkaline range the values are only approximate, and were measured 
against 0.1000 m NaOH as a standard, set at pH 13.0. 


Results 


The e values at characteristic maxima (of a- and 6-bands) and minima 
for various derivatives of ferrohemins, hemoglobin, and ferrocytochrome c 
are collected in Tables I and II. An examination of the wave-length loca- 
tions of these maxima and minima indicates clearly that the a- and 8-bands 
of the derivatives prepared from ferroprotoporphyrin are shifted appreci- 
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TABLE I 


Values for Characteristic Maxima and Minima, with Their Wave-Length Locations 
or | a Ou De l €s oj Hi mins, Hemoglobin, and Cytochrome cin 


>* = 


t/kaline Solutions pH 12 to Greater Than 13 











De ative Wave-lengt! é a 6 Ul0 
€m tm g! 
mys 
' . . a= ' = _ Fer 
Cyanide ferroprotoporp! yrin, from pro 570 (a)t 10.60 1.14 1.67 | 
tohemin 560 (m 9.05 
540 (8 15.12 
Cyanide ferromesoporphyrin, from 557 (a 10.12 1.44 2.42 ‘ 
mesohemin 550 (m 7.04 A 
528 (8 17.02 
spec 
Cyanide ferrocoproporphyrin, from co DS (a 10.58 1.39 2.28 + 
d | t 
prohemin do om 7.63 § 
528 (8 17.36 
glob 
Reduced cyanide derivative, from dog DOS (a 10.68 1.18 1.62 ‘ 
hemoglobin 555 (9 9 26 
540 (8 14.99 ‘ 
ire 4 
Reduced cyanide derivative, from cyto 555 (a 16.63 2.20 2.06 3 
chrome c 545 (mn 7.55 
027 , 15 5D bl 
. ~ = . + ' 5 aDl\ 
Pyridine ferroprotoporphyrin from pro DOS (a 30.90 3.41 1.79 . 
tohemin 540 (n 9.061 ng 
525 3 16 251 wav 
Pyridine ferromesoporphyrin, from meso 5AT (a 33.41] 3.73 2.11 not : 
, =) | 
emit 2 ? Pe 
nen l ser ? Pt of { 
51S >| Is OT 
. , = 4 14 — char 
Pyridine ferrocoproporphyrit from ce Di7 (a 2 1k §. 52 2 (4 
prohemin 532 (m Q 20t prot 
518 (8 19.00f DVI 
Redues ad py ridine aerivative, trom dog 5dSS a 29.11 a.le l 67 TI 
hemoglobin 5A2 (m 9.3] 
: rivat 
2S Dp | ows 
, aa . struc 
Reduced pyridine derivative, from cyto 551 (a ” 10 36 9.15 u 
chrome ¢ 539 (m § 67 prot« 
522 (8 18.62 Irom 
Globan ferroprotoporphyrin, from hu 558 (a 30. 90§ >. FOS 1 .58§ rarbe 
man globin and protohemin 42 (n & SHS . 
18 COC 
28 (8 13.978 
. a of ea 
Globan ferromesoporphyrin, from human DAS (a 28.70 $. 20 2.04 ' 
| - re 
globin and mesohen 533 (n 6.84 hand 
519 (8 13.93 to T: 
Globan ferro« proporphyrin ron hu DAS (a 15.57 2 11 1.56 dine. 
man globin and coprohemin 530 (m 7.38 : 
i | > r > in th 
1S (8 11.50 
: -_ . = and | 
Csloban ferroprotop rpnvril Irom dog hes a YH D3 , aD 1 6H) 
hemoglobin 542 (n 7.48 regio! 
528 (8 12.36 prodi 
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TaBLE I—Concluded 


Derivative Wave-length ‘ te 8 
€m €m 
my 

Hoban ferroprotoporphyrin, from hemo 558 (a) 29.10 2.92 1.49 
globin of man 541 (m) 9.95 
528 (8 14.80 

errocytochrome c in 0.2 Mm NaOH 550 (a) 28 38 3 29 2.02|| 
535 (m) 7.29 
520 (8) 14.73 


The concentration of NaOH in most of the solutions was 0.2 m. 
ta, maximum of the a-band; 8, maximum of the 8-band; m, minimum, with a 


spectral interval of 1.5 to 2 mu. 
t Average values, including corresponding values published previously (6). 
§ Corresponding values for globan ferroprotoporphyrin, prepared from dog 


lobin and protohemin, are, at the same wave-lengths, 30.60 (a), 9.62 (m), and 15.68 


with ratios of 3.18 (e,/e and 1.63 \€3/€m). 
Corresponding values (6) upon ferrocytochrome c solutions, pH 4.10 to 4.92, 


26.11 at 550 mu (a), 7.39 at 535 my (m), and 15.47 at 520 my (8), with ratios of 


“9 } ) 
» le é nd 2.09 (€3/€, 


bly towards the longer (red) wave-lengths in comparison with correspond- 
ng derivatives of ferromeso- and ferrocoproporphyrin. This shift in 
wave-length location of the spectra of protohemin derivatives is apparently 
not a function of the group coordinating with the hemin iron, but a property 
{ the hemins themselves. This is brought out by the fact that the 
haracteristic wave-length shift is evident in the cases of derivatives of 
protohemin whatever the nature of the coordinating group—cyanide, 
pyridine, globan, carbon monoxide, or carbon monoxide globan. 

The wave-length locations of the maxima of the a- and 8-bands of de- 
rivatives prepared from hemoglobin (which contains protohemin in its 
structure) are very similar to corresponding derivatives prepared from 
protohemin. ‘This was perhaps to be expected of derivatives prepared 
from hemoglobin in alkaline solution, but the location of the maxima in 
arbon monoxide hemoglobin, pH 7.4 to 8.0, in which undenatured globin 
is coordinated with the iron, is also in the wave-length regions characteristic 
f carbony! derivatives of ferroprotoporphyrin (Table II). On the other 
hand, the a and 8 maxima of ferrocytochrome c, at pH 4.1 to 4.9 (foot-note 
to Table 1), ferrocytochrome ¢ at pH 13 (Table I), and the cyanide, pyri- 
line, and carbonyl! derivatives of the latter (Tables I and I1) are located 
in the wave-length regions characteristic of the derivatives of ferromeso- 
ind ferrocoproporphyrin, and are very considerably displaced from the 
regions associated with protohemin derivatives. Small but consistently re- 
producible differences in € values (Table I and its foot-note) were found for 
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ferrocytochrome c in 0.2 m NaOH and for the same ferrocytochrome ¢, 
prepared by the method of Keilin and Hartree (16) and dissolved in water, 
The latter solutions are usually slightly acid (6). It is uncertain whether 


TaB.LeE II 
« Values for Characteristic Maxima and Minima, with Their Wave-Length Locations, 
of Carbonyl (CO) Derivatives of Hemins, Hemoglobin, and Cytochrome 
c in Alkaline Solutions 


De ative Wave-length € = 6 
€ €m 
mu 

Carbonyl ferroprotoporphyrin, from pro 573 (a)T 15.10 1.19 1.15 
tohemin, pH 13+* 558 (m) 12.67 
5A3 (8) 14.57 

Carbonyl ferromesoporphyrin, from 562 (a) 15.43 1.38 1.34 
mesohemin, pH 13-4 550 (m) 11.17 
532 (8 14.96 

Carbonyl ferrocoproporphyrin, from co 557 (a 10.57 1.16 1.20 
prohemin, pH 12.1 540 (m 9.14 
527 (8 10.93 

Carbonyl globan ferroprotoporphyrin, | 571 (a 12.52 1.14 1.17 
from human globin and protohemin, 557 (m 10.93 
pH 134 542 (8) 12.83 

Carbonyl globan ferromesoporphyrin, 559 (a 2.52 1.21 1.24 
from human globin and mesohemin, 548 (m 10.32 
pH 134 533 (8) 12.85 

Carbonyl globan ferrocoproporphyrin, 559 (a) 10.54 1.21 1.23 
from human globin and coprohemin, 545 (m 8.70 
pH 11.8 529 (8 10.67 

Carbonyl globan ferroprotoporphyrin, 571 (a 11.81 1.09 1.15 
from dog hemoglobin, pH 134 557 (m) 10.80 
542 (8 12.42 

Carbonyl ferrohemoglobin (carbon mon 569 (a) 14.39 1.23 1.26 
oxide hemoglobin), from dog hemo 555 (m 11.70 
globin, pH 7.4 to 8.0 cf Ss 539 (8B) 14.77 

Carbonyl ferrocytochrome c, pH 12.3 550 (a 16.90 1.68 1.26 
539 (m 10.03 
523 (8) 12.68 


* pH 13+ indicates pH greater than 13 
Tt a, maximum of the a-band; 8, maximum of the 8-band; m, minimum, with a 


spectral interval of 1.5 to 2 my 


the differences in extinction may be ascribed to slight denaturation of the 
cytochrome c protein in alkaline solution (1, 5). However, this considera- 
tion does not disturb present interpretations of data, since the wave- 
length locations of the maxima remain unaltered with change in pH. 
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Figs. 1 to 4 illustrate the influence which the group coordinating with the 
hemin iron has upon the shape and intensity of absorption. In Fig. 1 the 


| absorption spectrum curves of the cyanide, pyridine, and carbon monoxide 
| derivatives of ferromesoporphyrin are utilized to typify three distinct 
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Fic. | 

Fic. 1. Patterns of light absorption, exemplified by derivatives of ferromeso- 
porphyrin. Curve 1, cyanide ferromesoporphyrin, representative of Pattern Group 
1; Curve 2, pyridine ferromesoporphyrin, representative of Pattern Group 2; Curve 3, 
carbonyl ferromesoporphyrin, representative of Pattern Group 3. Concentration of 
hemin Fe, 0.082 mo per liter in the case of the pyridine derivative, 0.162 mm per liter 
In all cases, NaOH concentration, 0.2 u; 
Pyridine concentration, 6.19 
The horizontal arrows 


for the cyanide and carbony! derivatives. 
Na,S,O, concentration, approximately 5 mm per liter. 
u; cyanide concentration, approximately 400 mm per liter. 
and appended numbers represent the magnitude in my of the shift of maxima towards 
longer wave-lengths in corresponding derivatives of ferroprotoporphyrin. 

Fig. 2. Absorption spectra of cyanide derivatives of ferrohemins, hemoglobin, and 
ferrocytochrome c. Pattern Group 1. Curve 1, cyanide ferroprotoporphyrin; 
Curve 2, cyanide ferromesoporphyrin; Curve 3, cyanide ferrocoproporphyrin; Curve 
4, the reduced cyanide derivative prepared from dog hemoglobin in alkaline solu- 
tion, probably cyanide ferroprotoporphyrin; Curve 5, the reduced cyanide derivative 
prepared from cytochrome-c in alkaline solution, ferrocytochrome c cyanide. The 
concentration of total pigment varied from 0.0992 to 0.1733 mm per liter. In all 
cases, NaOH concentration, 0.2 mM; cyanide concentration, approximately 400 mm 


per liter; Na.S.O, concentration, approximately 5 mm per liter. 


light absorption patterns into which the spectra of the various derivatives 
fall. Pattern Groups 1, 2, and 3 are characterized respectively by the 
spectra of the cyanide, pyridine (or globan), and carbonyl] (or carbonyl 


globan) complexes. Fig. 1 also indicates the magnitude of shift towards 
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Fic. 3. Absorption spectra of globan (denatured globin) derivatives of ferrohemins 


ind the spectra of hemoglobin and ferrocytochrome c in alkaline solutions. Patten 
Group 2. Curve 1, globan ferroprotoporphyrin, prepared from human globin and 
protohemin. Concentration of hemin Fe, 0.0659 mm per liter; concentration of 
globin, 0.0447 m™ pel liter. referred to an equiy ilent weight of 17,000 Curve 2 


sloban ferromesoporphyrin, prepared from human globin and mesohemin. Concen 


y 


tration of hemin Fe, 0.082 mm per liter; concentration of globin, 0.0447 mm per liter 


referred to an equivalent weight of 17,000. Curve 3, globan ferrocoproporphyrin, pre- 
pared from human globin and coprohemin. Concentration of hemin Fe, 0.0377 mu 


per liter; concentration of globin, 0.765 mm per liter, referred to an equivalent weight 


of 17,000. Curve 4, globan ferroprotoporphyrin, prepared from hemoglobin of man 


Concentration of hemoglobin, 0.0935 mm per liter, referred to an equivalent weight of 


16.700 (containing 1 Fe atom). Curve 5, ferroeytochrome ec in alkaline solution 
Concentration of cytochrome c, 0.0772 mm per liter, upon an iron basis (6). In al 
cases, concentration of NaOH, 0.2 mM; concentration of NasS.O,, approximately 5 


Fic. 4. Absorption spectra of carbonyl globan derivatives of ferrohemins and 


carbonyl derivatives of hemoglobin and ferrocytochrome c in alkaline solutions 
Pattern Group 3. Curve 1, carbonyl globan ferroprotoporphyrin, prepared from 
protohemi Concentration of hemin Fe, 0.0659 mm per liter; concentration of 
globin, 0.447 mo per liter, referred to an equivalent weight of 17,000. Curve 2, car 
bonyl globan ferromesoporphyrin, prepared from mesohemin. Concentration 
hemin Fe, 0.082 mm per liter; concentration of globin, 0.447 mo per liter, referred t 
in equivalent weight of 17,000. Curve 3, carbonyl globan fe rrocoproporphyrin 


prepared from coprohemin. Concentration of hemin Fe, 0.0874 mm per liter; concen 


tration of globin, 0.637 mm per liter, referred to an equivalent weight of 17,000 
Curve 4, carbonyl! globan ferroprotoporphyrin, prepared from dog hemoglobin. Con 
centration of hemoglobin, 0.0655 mm per liter, referred to an equivalent weight of 


16,700 (containing | Fe atom). Curve 5, carbonyl ferrocytochrome c, prepared from 


eytochrome c in alkaline solution. Concentration of cytochrome c, 0.0625 mm per 
liter, upon an iron basis (6 Curve 6, incompleted curve showing the maxima of the 
spectrum of carbonyl ferrohemoglobin (carbon monoxide hemoglobin), pH 7.4 t 
8.0 (8) In all cases, except Curve 6, concentration of NaOH, 0.2 M; concentration 
of Na,S.0,, approximately 5 mo per liter. 
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the longer wave-lengths (of the order of 11 my) of the maxima of corre- 
ponding derivatives of ferroprotoporphyrin. As Figs. 2 to 4 show, the 
wave-length shift is, of course, not limited to the maxima, but is a dis- 
‘placement of practically the whole absorption curve. 

The spectra of different cyanide (Pattern Group 1), globan (Pattern 
jroup 2), and carbonyl globan (Pattern Group 3) derivatives are presented 
n Figs. 2,3,and 4. The presentation of the spectra of individual pyridine 
nd carbony! complexes (representatives are shown in Fig. 1) was consid- 
ed unnecessary. The absorption patterns of the pyridine derivatives 
elong unmistakably to the same group as the globan, while those of the 
arbony! derivatives are of the same general shape as the spectra of the 
arbonyl globan complexes. These similarities of pattern are suggested 
y a comparison of the ratios of extinction at maxima to extinction at 
pinimum given in Tables land II. The globan derivatives of ferrohemins 
ay be considered perhaps to bear a closer structural similarity than do 
the pyridine derivatives to ferrocytochrome c. The spectrum of ferrocyto- 
hrome c in alkaline solution is found actually to have a closer similarity 
to the spectrum of globan ferromesoporphyrin than to that of pyridine 
erromesoporphyrin (Figs. 1 and 3). 

While the spectra of the cyanide and pyridine derivatives of ferroco- 
woporphyrin proved to be virtually identical with the spectra of the 
orresponding derivatives of ferromesoporphyrin (Table I), this was not 
the case with globan ferrocoproporphyrin (Table I and Fig. 3). Qualita- 
tively the spectrum of the latter derivative is indubitably that of a reduced 
hemochromogen and belongs to Pattern Group 2, but it is apparent that 
he e values are appreciably lower than those for the other globan complexes 








studied, and there is evidence of greater absorption in the red spectral 
region. Within the limits of variation in concentration of coprohemin 
and globin which could be tested, 1 and 10 em. cuvettes being used for 
sectrophotometry, the spectrum remained essentially unaltered. The 
explanation for the aberrant spectrum of globan ferrocoproporphyrin must 
remain in abeyance. 

Attention needs to be directed to several further points. As the legend 
to Fig. 3 indicates, globan ferroproto- and globan ferromesoporphyrin were 
obtained from the respective hemins under conditions in which the globin 
oncentration in mM (referred to an equivalent weight of 17,000) was lower 
than the concentration in mm of hemin Fe. That the reaction of globan 
vith the ferrohemins is complete appears to be satisfactorily assured by the 
fact that alteration in spectrum could not be accomplished either by 
moderately lowering the concentration of the hemins or raising the con- 
entration of the globin, as well as by comparison with the ¢ values of globan 


lerroprotoporphyrin, prepared from hemoglobin (Table I and Fig. 3). 
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These findings indicate that globan possesses an extraordinarily great 
affinity (in comparison with simpler nitrogenous bases) for ferroproto- and 
ferromesohemins, and are in this regard in agreement with studies pub. 
lished by Zeile and Gnant (17), although the extinction coefficients given 
by the latter are lower than those reported here. A detailed study of the 
equilibria involved in the reaction of ferroprotoporphyrin with several 
different proteins has been made by the writer. This investigation will be 
presented separately. 

The spectra of cyanide, pyridine, globan, and carbonyl! derivatives pre- 
pared from ferroprotohemin are practically identical with the spectra of 
corresponding derivatives prepared from hemoglobin in alkaline solution, 
This finding may be taken tentatively as presumptive evidence that the 
two sets of preparations result in identical complexes. 

The shift of absorption towards the longer wave-lengths observed in the 
spectra of protohemin derivatives is characteristic not only of the ferro 
complexes (to which the presentation of data has been limited), but appears 
to be a general property evident also in the ferri derivatives of protohemin, 
An example is the spectra of the cyanide ferri complexes, with a single 
maximum in the green spectral region. The ¢e values ‘and their wave- 
length locations of these derivatives have been furnished under ‘‘Methods.” 
It is seen that the maximum of cyanide ferriprotoporphyrin and of cyanide 
ferrihemoglobin is displaced characteristically in comparison with the 
maximum of cyanide ferrimesoporphyrin and of cyanide ferricoproporphy- 
rin. Also, as in the case of the ferro derivatives, the maximum of ferricyto- 
chrome c cyanide falls in the spectral region characteristic of the corre- 
sponding ferrimeso and ferricopro compounds. It may be added that in 
alkaline solutions of similar pH the spectrum of protohemin itself is dis- 
placed towards the red in comparison with the spectra of ferrimeso- and 
ferricoprohemin, 


DISCUSSION 


Ferrocytochrome c, carbon monoxide hemoglobin, and pyridine ferro- 
protoporphyrin have been found in Pauling’s laboratory (1, 18) to be 
diamagnetic. From this the deduction was drawn that the constitution 
of these substances is that of hexacoordination complexes of the octahedral 
covalent type (analogous in configuration with the ferrocyanide ion). It 
appears probable that all the derivatives of ferrohemins examined here 
belong structurally to the same class. Nevertheless, the nature of the 
group coordinating with the hemin iron plays a dominant réle in determin- 
ing the shape and intensity of the absorption pattern in the visible spectral 
region. It is sufficient to comment that the three different structures, 
cyanide ion, neutral nitrogenous base (such as pyridine), and carbon monox- 








Kul 


seri 


dete 
dou 


of F 
this 
obse 
con] 
radi 
nucl 


wav 


had 





at 


e- 





D. L. DRABKIN 615 


ide, each place a characteristic stamp upon the visible spectrum. In this 
dass of derivatives (excluding other types of configuration, such as the 
essentially ionic (18)) only these three patterns of absorption have been 
uncovered. It is all the more remarkable that the distinctive differences 
in light absorption are confined to the a- and -bands; the rest of the 
complex absorption pattern involving several other maxima and minima is 
practically identical for the above cyanide, pyridine, and carbonyl com- 
plexes, as shown by the writer’s analysis of their complete visible and 
ultraviolet spectra, published in preliminary form (19). Further dis- 
cussion of this point may be postponed except to state that the analysis 
(19) disclosed the unique character of the a- and 6-bands. 

The finding (and its general applicability) that the spectra of protohemin 
and its various derivatives are shifted appreciably towards the longer (red) 
wave-lengths in comparison with the spectra of corresponding derivatives of 
meso- and coprohemin appears of real interest. Until stronger arguments 
are forthcoming in support of more subtle reasons for this phenomenon, 
it seems best to relate it to structural differences in the hemins them- 
selves. The only obvious structural difference is the presence in proto- 
hemin of vinyl residues in positions 2 and 4 of the tetrapyrrolic ring, 
whereas meso- and coprohemin contain respectively ethyl and propionic 
acid groups in these positions. The latter groups exert presumably no 
special effect upon the spectrum, since the maxima of the spectra of cor- 
responding derivatives of meso- and coprohemin are at virtually identical 
wave-lengths. It would seem therefore that the primary difference in 
configuration, somehow spectroscopically operative, may be the unsatu- 
rated character of the vinyl (—CH==CH,) group. Comprehensive studies, 
which are of pertinent interest, have been carried out by Hausser and 
Kuhn and their collaborators upon the analysis of the spectra of homologous 
series of synthetic and naturally occurring polyene dyes of the type 
R—(CH=CH),—R’. These studies, published in summary (20) and in 
detail (21) following Hausser’s death, establish the réle of the conjugated 
double bond in the shift of spectra towards longer wave-lengths, the 
magnitude of the shift being a non-linear function of n. While the study 
of Hausser, Kuhn, and Seitz (22) upon mesoporphyrin is not pertinent in 
this connection, it seems probable to the writer that the wave-length shift 
observed in the present work may also be correlated with an increase in 
conjugated double bonds in the protohemin due to the presence of vinyl 
radicals in addition to the conjugated double bond system of the porphine 
nucleus itself, common to the different hemins studied. 

The fact that the a- and 6-bands of ferrocytochrome c are located at 
wave-lengths close to those of the maxima of pyridine ferromesoporphyrin 
had been observed earlier (6, 23), but no structural implication had been 
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connected with this circumstance. The deduction that ferrocytochrome ¢ 
does not contain in its structure an unmodified protohemin with free vinyl] 
groups follows logically from the observations which have been recorded 
and from the interpretation which has been applied. Any modification 
in the vinyl groups which would nullify their double bond would be ex- 
pected to produce the spectroscopic characteristics which have been found, 
Theorell’s thio-ether linkage (5) satisfies this condition. The wave-length 
location of its visible absorption spectrum becomes therefore in itself the 
most direct evidence which has been furnished for the presence of a modified 


hemin in natural cytochrome c 


Acknowledgment is due to Miss H. Lorraine Leidy for helpful assistance, 
The writer is indebted also to Dr. Curt Porter and Dr. W. Mansfield Clark 
respectively for small but valuable samples of synthetic coprohemin and 


mesohemin used in this work. 


SUMMARY 

The absorption spectra of various derivatives of ferroprotoporphyrin, 
ferromesoporphyrin, ferrocoproporphyrin, hemoglobin, and _ferrocyto- 
chrome c have been studied. 

The maxima of the a- and §-bands of the spectra of ferromeso- and 
ferrocoprohemin derivatives are at practically identical wave-lengths, while 
the spectra of corresponding derivatives of ferroprotohemin are shifted 
appreciably towards the longer (red) wave-lengths. The maxima of the 
spectra of ferrocytochrome c and its derivatives are located at wave-lengths 
characteristic of the ferromeso- and ferrocoproporphyrin compounds. 

The spectra of the derivatives of the ferrohemins fall into three distinet 
pattern groups, characteristic respectively of the cyanide, pyridine (or 
denatured globin), and carbonyl! (or carbonyl denatured globin) complexes. 

The following interpretations have been applied. (1) The nature of the 
group coordinating with the hemin iron determines the intensity and shape 
of the absorption pattern in the visible spectral region (a@- and 8-bands). 
(2) The wave-length location of the maxima is a function of the hemins 
themselves. The shift of absorption towards longer wave-lengths in the 
case of protohemin and its derivatives is ascribed to the double bond in the 
vinyl groups present in this hemin. This view represents an extension to 
a new class of substances of the findings of Hausser and Kuhn (20, 21) 
upon the influence of conjugated double bonds on the spectra of polyene 
derivatives. 

The deduction is drawn that natural cytochrome c does not contain an 


unmodified protohemin with free vinyl groups in its structure. 
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IDENTIFICATION OF THE CARBOHYDRATE GROUP IN THE 
NICOTINAMIDE NUCLEOTIDES 


By F. SCHLENK 


(From the Department of Public Health and Preventive Medicine, School of Medicine, 
University of Texas, Galveston) 


(Received for publication, August 24, 1942) 


The structural formula of codehydrogenase I (cozymase) which was 
proposed in 1936 as a working hypothesis (1) has been found to be correct 
in all details by subsequent work. The only remaining question of major 
importance was the nature of the pentose in the nicotinamide nucleotide 
part of the molecule. 

In the present paper, experiments are reported which show that this 
pentose is d-ribose. This finding also has significance with respect to the 
structural formula of codehydrogenase II, since the reversible transforma- 
tion of codehydrogenase I into codehydrogenase II has been established 
experimentally (2). 

The carbohydrate was isolated in the following manner. Enzymatic 
splitting of cozymase yielded the nicotinamide nucleoside, consisting of 
nicotinamide and pentose, from which the carbohydrate was liberated by 
acid hydrolysis. After removal of nicotinamide the pentose could be 
isolated and identified by its properties and by preparation of the p-bromo- 
phenylhydrazone.! 

A reinvestigation of the nature of the pentosephosphoric acid from cozy- 
mase was also undertaken, in order to confirm the previous claims con- 
cerning the position of the phosphoric acid in the pentose phosphate. 
Earlier experiments along this line had been carried out with cozymase 
preparations containing some impurities (5), and the resulting product was 
not well characterized. With pure cozymase as a starting material for 


' After this paper had been submitted for publication, a paper by von Euler, 
Karrer, and Usteri (3), dealing with the carbohydrate of cozymase, came to the 
author’s attention. Von Euler and coworkers claim the same result as communi- 
The experimental data, however, as presented in their paper, are not 
The only product isolated is a pentose phenylosazone. d- 


cated here 
strictly convincing 
{rabinose and d-ribose give identical phenylosazones. The method of isolation 
yields a mixture of the 2 pentose molecules of cozymase. Therefore, only a yield 
of more than 50 per cent would be significant for the pentose of the nicotinamide 
nucleotide part, since the pentose of the adenylic acid part has been recognized 
previously (4) to be d ribose. Starting from 1.0 gm. of cozymase, von Euler and 
coworkers have isolated 24 mg. of a pentose phenylosazone, corresponding to 11.0 
mg. of pentose, which is 2.4 per cent of the theoretical amount. (Note added Sep- 
tember 21, 1942.) 
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the preparation of the pentosephosphoric acid, it was demonstrated that 
the product obtained was identical in all respects with d-ribose-5-phosphorie 
acid as described by Levene and coworkers (4). Thus, the previous find- 


ings (6) have been confirmed. 
EXPERIMENTAL 


Preparation of Codehydrogenase I—-Codehydrogenase I was prepared from 
veast according to the method described previously 7), with some 
modifications. The phosphotungstic acid precipitation was found to be 
unnecessary provided a good quality of yeast was used as a starting mate- 
rial. The purification steps were carried out in the following order: heat 
extraction of yeast, lead acetate precipitation of impurities, barium hy- 
droxide treatment to remove impurities, successive precipitation of cozy- 
mase as mercuric, silver, and cuprous salts, and finally alcohol precipita- 
tion. From several batches of yeast (50 kilos) somewhat more than 10 gm. 
of about 75 per cent pure cozymase were obtained. By subsequent frae- 
tionation as barium and lead salts a main fraction (3.4 gm.) of at least 
95 per cent purity was obtained, which served as starting material, partly 
for the preparation of nicotinamide nucleoside, and partly for the isolation 
of pentosephosphoric acid. The properties of this codehydrogenase | 
preparation are apparent from the following data 

Elementary Analysis*—C.H2;O\4N 7P2-2H2O (699.2) 

Calculated. C 36.04, H 4.46, N 14.01, P 8.87 
Found "a. 7o. " 6.25. ~ 3.68. °° ote 

Pentose Determination—Bial’s reaction as modified by Mejbaum (8) was 
used; pentose calculated, 42.9 per cent; found, 42.2. In this and in many 
other quantitative determinations reported here the phosphoric acid con- 
tent of the preparation was taken as a basis for calculation to account for 
the moisture. Ribose, xylose, and arabinose give identical results when 
used as standards. The method was found to be almost as accurate as a 
colorimetric phosphate determination. The samples were heated 30 
minutes instead of 20 minutes as recommended by Mejbaum. A Klett- 
Summerson photoelectric colorimeter was used for the readings. 

Titration with Alkali—Phenolphthalein was used as indicator; 0.020 mM 
of codehydrogenase I required 1.05 ml. of 0.02 Nn NaOH (0.021 mm). 

Catalytic Hydrogenation—Palladium catalyst (9) was used; calculated, 
101 e.mm. of Hy per mg. (mol. wt., 663); found, 104 ¢.mm. of He, 97.5 e.mm. 
of H. per mg. 


? Obtained from Anheuser-Busch, Inc., St. Louis, to whom the author wishes to 
express his sincerest thanks 
Microanalyses reported in this paper were carried out partly by Dr. C. Tiedcke, 
New York, partly by C. H. Spence and R. H. Morris, Galveston. 
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Coenzyme Activity—The coenzyme activity as tested by the fermentation 
method (10) was maximal as compared with a standard preparation. 

Ultraviolet Absorption of Dihydro Derivative—For determination of the 
ultraviolet absorption spectrum a Hilger quartz spectrograph (model 498) 
was used. The preparation of the dihydro derivative was carried out as 
given by Warburg (9); found, és40 m,. = 5.5 X 10%. Warburg has reported 
40 me = 9.9 X 10°; Ohlmeyer (11), €340 ms = 6.38 X 10°; and Schlenk and 
Giinther (7), €40 my = 5.6 X 10° (e = 1/(l X c) log Ip/I; 1 = em.;¢ = moles 
per liter). 

Preparation of Nicotinamide N ucleoside—2.35 gm. of cozymase were split 
enzymatically (12), the phosphatase from almond press-cake* discovered 
by Bredereck (13) being used. The isolation of the nucleoside was carried 
out as described previously: removal of the phosphoric acid split off by 
Ba**, dialysis, removal of adenosine by Agt, precipitation of the nucleoside 
by phosphotungstic acid, and decomposition of the precipitate by alcohol- 
ether mixture. The subsequent treatment with picric acid as recom- 
mended earlier was omitted, since it was found to involve a considerable 
loss of material. By precipitation with alcohol and ether 720 mg. of 
nucleoside as sulfate were obtained. Spectrophotometric determination 
of the dihydro derivative showed the preparation to be 75 per cent pure. 
For further purification 712 mg. were dissolved in methyl alcohol and 
precipitated in two fractions by ether. The main fraction consisted of 
410 mg. of nucleoside of >90 per cent purity. The ratio of pentose to 
nicotinamide (12) was found to be 1:1.02. Spectrophotometric deter- 
mination of the dihydro derivative gave €40 m. = 6.3 X 10°; phosphate 
determination, <0.05 per cent P. 

Hydrolysis of Nicotinamide Nucleoside—400 mg. of nicotinamide nucleo- 
side were dissolved in 25 ml. of 0.1 N sulfuric acid and hydrolyzed 120 
minutes at 100°. After cooling, sulfuric acid was removed quantitatively 
by barium hydroxide. The solution was concentrated to 3 ml. and an 
equal volume of 10 per cent gold chloride solution was added to precipitate 
nicotinamide and nicotinic acid, the latter having been formed by hydroly- 
sis of nicotinamide. After 24 hours at 0° the precipitate was filtered off 
and washed with 1 ml. of water. The solution was extracted with ether 
in a liquid extraction apparatus to remove the excess of gold chloride. 
When the solution was colorless, it was treated for the removal of traces 
of gold and chloride in the following manner: silver sulfate solution was 
added as long as a precipitate was formed; after centrifugation, a slight 
excess of Ag+ was removed by hydrogen sulfide treatment, and, after 
filtering, the solution was brought to a small volume; sulfate was removed 


‘ Obtained from the American Almond Products Company, Glendale, California, 
to whom the author wishes to extend his gratitude. 
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by treatment with barium hydroxide, an excess being avoided. The 
remaining solution was evaporated to a sirup, the crystallization of which 
involved considerable difficulties. The product obtained was not free 
from ash. Yield, 118 mg.; m.p. 85°. 

Elementary Analysis—C,;H, 90; (150.1) 


Calculated. C 40.00, H 6.72 
Found ‘« 49.19, ** 6.75 (ash subtracted) 


Polarimetric Determination—For the polarimetric determination the con- 
centration of the solution was determined by the quantitative pentose 
test (8). Observed, [a]” = 20.6° (c = 0.800 in H,O). The specific 
rotation reported in the literature for d-ribose is 19.5° to —21.5° (4). 

Preparation of p-Bromophenylhydrazone—No difficulties were encoun- 
tered in preparing the p-bromophenylhydrazone. For this purpose 70 mg. 
of the sugar were dissolved in 1.5 ml. of absolute aleohol, treated with an 
equimolar amount of p-bromophenylhydrazine, and allowed to stand for 
18 hours at 30°. The resulting product was recrystallized from 2 ml. of 


absolute alcohol. Yield, 83 mg.; m.p. 165-166". 


Elementary Analysis—C,,H,;O.N2Br (319.2 


Caleulated. C 41.35, H 4.73, N 8.77, Br 25.03 
Found. ** 41.02, 5.11. “ 9.00. ** 25.06 


}25 


Polarimetric Determination—|a|5> = +5.8° (c = 1.46 in absolute 
alcohol). The specific rotation reported in the literature for d-ribose-p- 
bromophenylhydrazone is +5.7° (4). 

Isolation of Pentose phosphoric Acid—670 mg. of cozymase were hydro- 
lyzed by 50 ml. of 0.1 N sulfurie acid at 100° for 4 hours. Adenine and 
nicotinamide are split off quantitatively under these conditions, while 
20 per cent of the total phosphoric acid is liberated. Adenine was removed 
as the silver salt and the isolation of pentosephosphoric acid as barium 
salt was carried out according to Levene and Jacobs (14). After repeated 
precipitation by alcohol 465 mg. of a product were obtained which had the 
following properties. 


Elementary Analysis—C,H,OsPBa (365.5) 


Calculated C 16.45, H 2.46, P 8.48, Ba 37.59 

Found “OB.n, *2:4,° 62%, “* 3.2 
Polarimetric Determination—[a]”> = +6.5° (c 2.90 in H,O). Levene 
and Stiller (15) have reported [a]** = +5.99° for the barium salt of 
d-ribose-5-phosphorie acid. For polarimetric determination of the free 
acid Ba++ was removed by an excess of sulfuric acid. Found, [a]? = 
+17.2° (c = 1.05 in 0.02 n H.SO,). Levene gives [a]” +-16.09° for 
the natural compound, and [a]? = +16.54° for the synthetic com- 


pound (15). 
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Periodic Acid Test—To ascertain the position of the phosphate group 
in the pentosephosphoric acid the product was treated with periodic acid 


TaBLe | 
Formation of Formaldehyde from Pentose and Pentosephosphoric Acid by 
Periodic Acid 


Compound examined —_ ee Mole per cent 
y moles moles 

i-Ribose 38.8 39.0 101 

a 77.6 76.0 98 

d-Ribose-3-phosphorie acid 33.2 14.0 42 
“ “ 66.4 27.7 41.7 
l-Ribose-5-phosphoric ~ 53.1 28 5.3 
ps 70.8 2.9 4.1 
Pentosephosphoric acid from cozymase 90.0 6.1 6.8 
rs bs bs " 112.3 6.0 5.4 


* Formaldehyde was determined by precipitation with dimethyldihydroresorcinol 


(dimedon) 
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acid. If the primary alcoholic group is occupied by a phosphoric acid 
radical, very little formaldehyde is formed. Von Euler, Karrer, and 
Becker (6) and later Kiessling and Meyerhof (18) have used this method 
to determine the position of the phosphoric acid in the pentose phosphates 
from several nucleotides. Table I shows the results of the examination of 
the ribosephosphoric acid from cozymase as compared with some other 
compounds. 

Acid Hydrolysis The rate of splitting of phosphoric acid from codehy- 
drogenase I, adenosine-5’-phosphorie acid, and adenosine-3’-phosphoric 
acid, as shown in Fig. 1, is also in agreement with the assumption that in 
codehydrogenase I both phosphoric. acid radicals are linked to carbon 


atom 5 of the pentose molecules. 


DISCUSSION 


The results of the experiments reported leave no doubt that the carbo- 
hydrate group of the nicotinamide nucleotide moiety in codehydrogenase | 
(cozymase) is identical with d-ribose. The earlier investigations indicating 
that the phosphoric acid groups of cozymase are linked to carbon atoms 5 


of the pentose molecules were confirmed. 


. N CH—N 
1 CONH on 
acting, C << 

\ 
N’e N. ZN NH, 
CH , 

4C HC 1 

COH | HCOH 

COH | HCOH | 

1C 0 OH HC J 

CH,0 P ( P— CH 

Q 0 


I. Codehydrogenase I (cozymase ) 


It is believed that the identification of the carbohydrate group of the 
nicotinamide nucleotide is the last step of major importance in establishing 
the structure of codehydrogenase I (see Formula 1) as proposed in 1936 (1). 
This structural formula is based on the following results: empirical formula, 
CxHe7OuN7P2, and titration (19); isolation of the basic components, ade- 
nine (10) and nicotinamide (20); isolation of pentosephosphoric acid (5) 
and its identification as d-ribose-5-phosphoric acid; isolation of adenosine 
diphosphate (21), the structure of which is well established by earlier work 
of Lohmann (22), Embden and Schmidt (23), Levene (4), and Gulland and 
Holiday (24); experiments concerning the linkage of nicotinamide to the 
carbohydrate, which were initiated by Warburg (25) and successfully con- 
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cluded by Karrer (26); isolation of the nicotinamide nucleoside (12) and 
identification of its carbohydrate group as d-ribose. 
Thus, the structure of codehydrogenase I seems now to be well es- 


tablished. 


SUMMARY 
1. Nicotinamide nucleoside was prepared from codehydrogenase I. Its 
carbohydrate group was found to be d-ribose. 
2. Both ribosephosphoric acid molecules of codehydrogenase I have the 
phosphoric acid radical linked to carbon atom 5 of the pentoses. 
3. Some facts pertaining to the structure of codehydrogenase I are 


briefly discussed. 
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STUDIES ON PITUITARY LACTOGENIC HORMONE 
VII. A METHOD OF ISOLATION* 
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The methods which are generally accepted for the preparation of highly 
purified lactogenic hormone from either sheep or ox pituitaries are the pro- 
cedures described by Lyons (1) and by Bates and Riddle (2). The acidic 
acetone extraction of pituitaries devised by Lyons has been demonstrated 
not only in this laboratory but also by White, Bonsnes, and Long (3) as the 
most suitable starting material for the isolation of the lactogenic hormone. 
With the same starting extract, a new method is described in the present 
paper for the isolation of the hormone in pure form. The hormone is found 
to behave identically in biological and physicochemical characteristics with 
that prepared by Lyons and appears also to be the same protein isolated by 
White, Bonsnes, and Long. 


Me thods of Assay 


Both the crop sac weight method of Riddle, Bates, and Dykshorn (4) 
and the minimum crop stimulation method of MecShan and Turner (5) 
have been applied to the estimation of activity of lactogenic preparations. 
The results reported here are based on the minimal response. The Silver 
King strain of pigeons was used at 33 + 3 days of age. A daily dose of 0.5 
ee. Was injected intramuscularly for a period of 4 days, followed by autopsy 
96 hours after the first injection. The crop sacs were examined for the 
degree of proliferation and weighed. The extent of the reaction was classi- 
fied on the basis of gross observation as falling into one of four arbitrary 
groups, Grade 1 being the minimal detectable response as seen by trans- 
mitted light after the muscular coat was stripped, the maximum reaction 
accompanied by abundant crop milk formation being classified as a Grade 
t reaction. The minimal reaction is not accompanied by perceptible 
weight increase of the crop (1 to 2 gm.); the maximum reaction gives 2 to 4 
gm. crops. 

In order to interpret the potency of preparations in terms of international 


* Aided by grants from the Research Board of the University of California, from 
the Rockefeller Foundation, from Parke, Davis and Company, and from the Commit- 
tee for Research in Endocrinology of the National Research Council. Assistance 
was rendered by the Work Projects Administration, Official Project No. OP-65-1-08, 
Unit A5 
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units (1.U.), a sample of the international standard of lactogenic hormone 
has been injected into six groups of pigeons, the routine technique being 
used. It was found that 5 1.v. gave the minimum stimulation (Grade ] 
reaction), whereas 40 1.v. caused a marked increase in crop sac weight 
(weight, 2.6 gm.). Since most of the pure preparations give minimal crop 
sac stimulation in a total dose of 0.15 to 0.20 mg. it may be said that 1 mg, 
of the lactogenic hormone whose preparation is described here contains at 


least 25 1.v. 
Methods of Isolation 


1. 2 kilos of fresh sheep glands were ground twice in an electric meat 
grinder with 1 liter of water. The ground gland was then poured into 8 
liters of acid-acetone solution.!. After the mixture had been stirred for 1 
hour, it was filtered by suction. The residue was washed in the filter with 1 
liter of 80 per cent acetone. The procedure was carried out at room tem- 
perature; the succeeding steps were performed in a cold room at 2-3°. 

2. To the clear brown filtrate and washings, 32 liters of chilled acetone 
(—5°) were added. The mixture was allowed to settle overnight. The 
supernatant was siphoned off and the precipitate was washed two or three 
times with cold acetone on a suction filter. The precipitate, designated as 
the acid-acetone powder, served as the starting material for further purifi- 
cation. It may be stored in a desiccator until needed. From 2 kilos of 
sheep pituitaries, about 35 gm. of acid-acetone powder were obtained. 

3. The acid-acetone powder was next extracted with 1 liter of 0.10 m 
NasHPO, and centrifuged; as some floating material remained after pro- 
longed centrifugation of this first extract, it was filtered after centrifugation. 
The residue was reextracted twice with 600 ec. of the same solvent. The 
whole extraction procedure took about 36 hours. The residue showed no 
adrenotropic or lactogenic activities and was therefore discarded 

1. The combined extracts were then brought to half saturation of (N H4)s- 
SO, by the addition of solid salt. The mixture was allowed to stand for 4 
hours and then centrifuged. The supernatant was devoid of hormonal 
activities and was discarded. The precipitate was then dissolved in about 
250 ec. of water and dialyzed? until salt-free. 

5. The dialyzed material was then made to pH 3.0° with 1 m HCl. 
After dilution to 1 per cent solution, a saturated NaCl solution was added 
dropwise with mechanical stirring, until the concentration of NaCl became 


Che acid-acetone was prepared by mixing § liters of acetone with 200 cc. of con- 
centrated HCI (c.p. grade; sp. gr. 1.19) 
? Dialysis against running tap water (15-16°) for 6 hours was followed by dialysis 
against 3 liters of distilled water at 2-3° for 15 hours 


; 


* pH measurements were made with a Beckman glass electrode. 
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0.36M. It was then centrifuged and the supernatant saved for the purifi- 
cation of the adrenotropic hormone. 

6. The 0.36 Mm NaCl precipitate was dissolved in water with the aid of a 
few drops of 1 M NaOH until the pH of the solution became approximately 
7.5. A small amount of precipitate, which remained undissolved, was re- 
moved by centrifuging. The clear supernatant was then diluted with 
distilled water to about 1 per cent solution and dialyzed against a phosphate 
buffert of pH 6.4 for 24 hours. The insoluble material, pH 6.3, was then 
removed by centrifugation. It contained approximately 5 1.u. per mg. 
of protein and was discarded. 

7. The supernatant was then dialyzed against an acetate buffer’ of pH 
5.6 for 24 hours. After being centrifuged, the supernatant had little pro- 
tein nitrogen and was discarded. 

8. The pH 5.6 precipitate was dissolved in about 1 per cent solution with 
the aid of a few drops of 1 m HCl and made pH 3.0. Steps (5), (6), and 
(7) were repeated twice. 

9. The final pH 5.6 precipitate was again dissolved in acid solution; the 
concentration of the protein was about 1 per cent. The solution was then 
dialyzed against an acetate buffer® at pH 4.0. There appeared some pre- 
cipitate which had about 7 1.v. per mg. of protein and was discarded. 

10. The pH 4.0 solution was dialyzed against the buffer of pH 5.6 and 
steps (7) and (9) were repeated twice. 

11. The final pH 4.0 solution was made pH 3.0 with 1 m HCl and step 
(5) was repeated until the 0.36 m NaCl supernatant contained a constant 
nitrogen value per cc. in two successive 0.36 M NaCl precipitations. 

The final NaCl precipitate contained a lactogenic potency of 25 to 30 
IU. per mg. of protein. It was shown to behave as a single substance with 
respect to solubility, electrophoresis, and diffusion. 


Homogeneity Studies 


Electrophoresis—The materials obtained in each step outlined above were 
examined in a Tiselius electrophoresis apparatus, the Longsworth scanning 
method being used for the estimation of homogeneity and migration. 
Most of the experiments were conducted in a buffer of pH 7.0. A few were 
done in a buffer of pH 4.0. 


‘The buffer was prepared by dissolving 2.464 gm. of KH,PO,, 2.840 gm. of 
Na,HPO,, and 58.50 gm. of NaCl in 2 liters of solution. 

‘ The buffer was prepared by mixing 360 cc. of 1 m NaOH and 200 cc. of 0.2 m acetic 
acid and diluted to 2 liters. 

‘The buffer was prepared by mixing 1666 cc. of 1 m acetic acid and 334 cc. of 1 
m NaOH. 
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The first. precipitate’ (step (7)), pH 5.6, 7.e. the material obtained before 
the dialysis at pH 4.0, was always found to have two components in the 
electrophoresis experiment; the fast moving one constituted about 20 per 
cent of the total protein. The average mobilities of these two compo- 
nents were 6.02 X 10-5 and 3.61 X 10-°sq. em. per volt per second in phos- 
phate buffer of pH 7.0 and ionic strength 0.10 at 1.5”. 

After this material was purified by repeated dialysis in the acetate buffer 
of pH 4.0 (step (9)), the soluble protein was shown to migrate essentially as 
a single substance in electrophoretic experiments and had a mobility® of 
3.37 X 10-° sq. em. per volt per second in the phosphate buffer, pH 7.0, 

Diffusion—By the use of a Northrop and Anson sintered glass diffusion 
disk (6), it was possible to examine biological homogeneity of the lactogeniec 
preparations after various periods of diffusion.’ Before introduction into 
the diffusion cell, the 1.2 per cent solution of the hormone was dialyzed at 
room temperature for at least 24 hours against 2 liters of phosphate buffer,” 
pH 7.23, of ionic strength 0.1. During the process of diffusion, the buffer 
solution in the outside chamber was changed every 24 hours for a period of 
6 days and samples were assayed for lactogenic activity in squabs. _ Differ- 
ences in the various samples as regards the crop sac reaction were not ob- 
served. The preparation was hence homogeneous in its diffusion behavior. 

Solubility Two lactogenic preparations were subjected to solubility 


tests (7). It was found that solutions to which the protein had been added 
in amounts which were 10 times that necessary for saturation underwent no 
change in the amount of dissolved material (25°). The solvent used was 


0.357 m NaCl of pH 2.25. These tests therefore also confirm the homo- 


geneity of the preparation. 
SUMMARY 


A method is described for the isolation of pituitary lactogenic hormone 
from sheep or ox glands. The preparation is found to be chemically pure 
by electrophoretic, solubility, and diffusion tests and has an activity of 25 


to 30 I.U. per mg. 


7 The biological activity ol this precipitate was not different from that of the pure 
hormone This could, of course, be the case if the contamination were an inert pro 
tein, as less than 20 per cent of an inert contaminant cannot be detected by the 
biological method 

* Thus it may be concluded that the slow moving component in the precipitate 
of step (7) is the lactogenie hormone. Further support of this conclusion is obtained 
by the isolation of the fast moving component by use of the compensation device of 
Longsworth. The fast moving material thus obtained was devoid of lactogenic 
activity when injects d into pigeons at a total dose of 1.0 mg 

* The results of these determinations will be presented in Paper VIII 

10 Butanol was added to 2 per cent to prevent bacterial growth 
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STUDIES ON PITUITARY LACTOGENIC HORMONE 
VIII. DIFFUSION AND VISCOSITY MEASUREMENTS* 


3y CHOH HAO LI 
(From the Institute of Experimental Biology, University of California, Berkeley) 


(Received for publication, August 12, 1942) 


In Paper VI of this series (1) we have determined the molecular weight of 
the pituitary lactogenic hormone from osmotic pressure measurements and 
analytical data and found it to be 26,000. Recently White, Bonsnes, and 
Long (2) reported the molecular weight of the hormone to be 32,000 or 
higher, as calculated from ultracentrifugal experiments. The difference in 
these two values is not surprising, for many experiments! have shown that 
molecular weight determinations as obtained by osmotic pressure or by 
ultracentrifugation methods need not be in close agreement. It would 
seem that a decision as to the correct molecular weight for the hormone 
would be aided by additional methods of study. In this paper the molecu- 
lar size and shape of the lactogenic hormone are examined in the light of 
viscosity and diffusion data. The importance of the molecular shape in 
relation to the biological activity of the hormone will be discussed in a 
later paper. 

EXPERIMENTAL 


Concentration Determination—Semimicro-Kjeldahl nitrogen analyses 
were used for the determination of protein concentration with the factor 
100/15.8 for conversion into protein values. A series of solutions with 
increasing concentrations of the pure protein was made and the optical 
rotation determined in a Bellingham-Stanley polarimeter with a sodium 
light source. From such results, the hormone concentration in any solution 
could be estimated from the optical rotation data. 

Viscosity—Viscosity measurements? were performed in an Ostwald 
viscometer described by Neurath, Cooper, and Erickson (4). A working 
volume of 25 ec. was generally employed. The time of flow, which was 
measured with a high precision stop-watch, was determined with an ac- 


\ided by grants from the Research Board of the University of California, from 
the Rockefeller Foundation, from Parke, Davis and Company, and from the Commit- 
tee for Research in Endocrinology of the National Research Council. Assistance was 
rendered by the Work Projects Administration, Official Project No. OP-65-1-08, 
Unit A5 

1 See Table I of Oncley’s paper (3). 
* Carolyn F. White assisted in these determinations 
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curacy of +0.05 second. At least six measurements were carried out for 
each experiment. A water bath at 25° was used. 

Most of the experiments were done in a phosphate buffer of pH 7.00 of 
ionic strength 0.1 containing 2 per cent butanol.’ The protein solution 
must be dialyzed for at least 24 hours against the buffer before the viscosity 
determinations, 

Density—Density determinations were made in a pycnometer of 9 ce, 
volume at 25°. 

Diffusion—The membrane method of Northrop and Anson (5) was used 
to determine the diffusion coefficient of the hormone. The sintered glass 
diffusion cell* had a volume of about 45 cc. and was clamped rigidly, by 
means of a slot and clasp arrangement, in a metal frame which was mounted 
firmly in a constant temperature room of 25° + 0.1°. The protein solution 
was dialyzed against the buffer until no appreciable difference in con- 
ductivity was found between the protein and buffer solutions. The amount 
of buffer used outside of the membrane was 25 cc. and it was replaced witha 
fresh solution every 24 hours during the run. The quantity of protein 
nitrogen which diffused was determined by Kjeldahl analysis. 

The calibration of the diffusion membrane was made with 2.0 m NaCl and 
0.1m KCl. The diffusion coefficients of NaCl (6) and KCI (7) were taken 
to be 1.27 and 1.46 sq. em. per day, at 25° respectively. 

Materials—The lactogenic hormone preparations were made according to 
the method described in Paper VII of this series (8). One beef hormone 
preparation (No. L-383B2) was kindly supplied by Dr. W. R. Lyons. All 
preparations were found electrophoretically homogeneous in the Tiselius 
apparatus. Preparation L-1165 was also shown to be homogeneous in 


solubility studies. 


Results 


Specific Rotation—By means of the data summarized in Table I a plot of 
the observed rotation against the concentration of the hormone is found to 
be a straight line. The concentration of the hormone can thus easily be 
secured by the determination of the optical rotation. Since from Table I, 
1.0 per cent solution has an observed angle of 0.9°, the specific rotation of 
the sheep lactogenic hormone is —40.5° at 25°. 

The optical rotation of the hormones isolated from beef glands was also 
determined and its specific rotation is identical with that for the sheep 


hormone. 


‘ Butanol was added to prevent bacterial growth 
‘We are greatly indebted to Dr. John H Northrop for a loan of his diffusion cell 


to make our experiments possible 
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This quantity may be calculated by the equa- 


] 1— WwW, d 
p p dW, 


a 


Partial Specific Volume 


tion, 


(1) 


which is modified from that derived by Kraemer (9). The partial volume, 
V:, of a protein can thus be obtained by knowing the density, p, of the solu- 
tion containing different weight fractions, W,, of the protein. From re- 
sults shown in Table I, do/dW, equals 0.280. The partial specific volume 
of the hormoge can hence be computed from Equation 1 and is found to 


be 0.721. 





| 


TABLE I 
Ont ul Rotation Densiti ind Relative V iscosilies of Sheep Pit iitary Lactogenic 
Hi ne Nol , 5° in Phosphate Buffer of pH 7.00 and Ionic Strength 0.10 
: Relative , 
Pre o Density ei (2 -1)—" 
scosity ,= —1 No Vi 
1,-11658 2.8 1.00129 0.014 6.94 
, 1.00170 0.020 7.10 
5 0.50 1.00216 0.025 6.30 
7 0.7] 1.00281 0.038 6.68 
L.-1180G 13 0.36 1.00191 0.019 6.13 
L.-1183BS 1.03 0.93 1.00352 0.050 6.73 
L.-1184H *, 1.00301 0.041 6.55 
1.3 1.00188 0.021 6.77 
L-1185H ) 0.31 1.00252 0.017 6.74 
L-1197H 1.5 0.39 1.00185 0.021 6.47 
L-383Bt 8.5 1.00296 0.041 6.70 
Average 6.65 
lhe rive for this experiment was acet ite buffer, pH 4.05. 
t A beef p tary hormone prepared by Dr. W. R. Lyons. 


Visco AAD 


lr one Case 


P 


The results of viscosity measurements are given in Table I. 
he noted that six sheep and one beef preparations were employed. 
| pro} 


paration L-1185H) the solvent used was an acetate buffer, 


pH 4.05, of ionic strength 0.10, while other measurements were made in a 
A straight line relationship exists between the 


phosphat buffer, 


pH 7.00. 


viscosity and the protein concentration at least up to 1.0 per cent solution. 
It can be seen that the viscosity of the beef hormone is essentially the same 


as that of the sheep preparations. 
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Diffusion—In the membrane diffusion method of Northrop and Anson, 
the diffusion coefficient, D, is calculated by the equation, 


D = KQ../t (2) 


where Q... is the number of ec. of the concentrated solution that contains 
the amount of the substances diffused, in the time, ¢, where A is a cell 
constant. The K of our cell was found to be 0.125. In Table II the re- 
sults of the diffusion experiments are given. 

Since the sintered glass disk method for determination of the diffusion 
constant involves the selection of a primary standard, the constant ob- 
tained by Lamm’s free diffusion technique (10) is generally considered to be 


TABLE II 
Diffusion Constant of Pituitary Lactogenic Hormone at 25° Obtained in Sintered 
Glass Cell 
pH Buffer* Concentration Qce. per day D 
” her 
Der cen ; 

3.42 Acetate 0.91 0.620 7.75 8.96 

6.30 Phosphate 0.52 0.635 7.94 9 20 

7.00 “ 0.26 0.640 8 00 9 96 

7.20 1.18 0.615 7.70 8.90 

Average 7.85 9.08 


* All buffers have ionic strength 0.10 and contain 2 per cent butanol to prevent 


bacterial growt!] 


more accurate. Mehl (11) has made a careful comparison of the diffusion 
constants secured by these two methods and arrived at a conclusion that the 
free diffusion value is about 11 per cent higher than that obtained by the 
sintered glass disk method. Using this correction together with that for 
the viscosity of the solvent, we have computed the diffusion constant of the 
hormone to be 10.78 X 10-7 sq. em. per second at 25°. When this value is 
reduced to 20°, the value becomes 9.0 X 1077 sq. em. per second. 


DISCUSSION 


According to Einstein, the volume-concentration and the specific vis- 
cosity should have the following relationship, 


1000 
(: 7 t) oe (3) 
No cV; 


with @ = 2.5, provided the molecule is strictly spherical. If © is greater 


than 2.5, the molecule may be an ellipsoidal shape. From the results in 
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Table I, it is evident that the lactogenic hormone molecule is far from 
spherical’ and we can assume that it is a prolate ellipsoid. According to the 
equation of Simha (12), the ratio of the long to the short axis of a prolate 
ellipsoid, b/a, has a value of 5.7. If Polson’s empirical viscosity equation 
(13) is utilized, b/a becomes 5.2, but, since the Simha equation has been 
shown to be applicable to protein molecules of low asymmetry (3, 4), 
the value b/a = 5.7 was chosen for these calculations, 

The shape of a protein molecule may also be expressed by the frictional 
constant, f/fo, which can also be computed if we know the ratio of the long 
to the short axis of a prolate ellipsoid of revolution. Thus, with the aid of 
Perrin’s equation (14), the frictional constant f/f of the lactogenic hormone 
is found to be 1.29. 


TaBLeE III 


Molecular Size and Shape of Pituitary Lactogenic Hormone 


Molecular weight 


Osmotic pressure , 26 , 500 

Analytical data ' ah 25,000 

Diffusion and viscosity ies 22 ,000 

Sedimentation-diffusion* 32,000 
Diffusion constant (Deow) 

Sintered glass membrane 9.0 xX 107 

Free diffusion* vein 7.5 X 107 
Partial specific volume (V;) a 0.721 
Viscosity coefficient (2 — 1)1000/cV; 6.65 
Dissymmetry constant (f//o) 

Viscosity data , 1.29 

Sedimentation-diffusiont 1.37 


* Reported by White, Bonsnes, and Long (2). 


t Calculated from the data of White, Bonsnes, and Long (2 


«). 


Finally it should be possible to calculate the molecular weights by utiliz- 
ing the diffusion constant, partial specific volume, and the frictional con- 
stant, 

R 3 T3 (fo/f) 3 


M = — (4) 
162x°y,N? DV, 


‘In this first approximation, we have purposely neglected the influence of hydra- 
tion. It has been pointed out by Neurath, Cooper, and Erickson (4) that a protein 
with b/a = 4.9, like serum albumin, at zero hydration, assumes a spherical shape 
provided the molecule is 96 per cent hydrated. Since most proteins are about 33 
per cent hydrated, it is reasonable to assume that the lactogenic hormone is cor- 
respondingly hydrated. On this assumption, the ratio of b/a of the ellipsoid is 
hardly reduced to unity and it may therefore be concluded that the hormone is not 


of spherical shape. 
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where 7 is the temperature, mo the viscosity of the solvent, and N Avo- 
gadro’s number. The molecular weight of the hormone calculated by this 
equation is 22,000. It may be recalled that the molecular weight obtained 
from osmotic pressure measurements is 26,000 (1). Owing to the disad- 
vantage of unavoidable magnification of the possible experimental errors in 
the diffusion and viscosity data in Equation 4, the agreement of these two 
values would seem satisfactory. 

White, Bonsnes, and Long (2) reported the molecular weight of their 
homogeneous preparation of lactogenic hormone as 32,000 with the sedi- 
mentation constant, S» 2.65 XK 10-", and the diffusion constant, Dep 
=7.5X10-*. From these two values, the frictional constant is calculated 
to be 1.37, which suggests that the hormone is even more asymmetric than 
the viscosity data indicate. 

Table III will serve to summarize the data bearing on the molecular size 


and shape of the anterior hypophyseal lactogenic hormone. 
SUMMARY 


1. The optical rotation of the lactogenic hormone has been found to have 


a linear relation to the concentration; the specific rotation is 10.5”, 

2. The partial specific volume of the hormone is shown to be 0.721. 

3. The diffusion constant, Deo,., has been determined by the sintered glass 
membrane method and found to be 9.0 & 10 sq. cm. pel second. 

1. From viscosity data, the dissyi bi constant of the hormone 
is 1.29. 


5. With the diffusion constant and dissymm« try constant as herein de- 
termined, the molecular weight of the hormone is computed to be 22,000. 
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THE EFFECTS OF A MAGNESIUM-DEFICIENT DIET ON THE 
SERUM PHOSPHATASE ACTIVITY IN THE ALBINO RAT* 


By FRED H. SNYDERf ann WILBUR R. TWEEDY 


From the Department of Biological Chemistry, Loyola University School of 
Vedicine, Chicago) 


(Received for publication, October 17, 1942) 


In view of the activating effect of magnesium on phosphatase, first 
observed by Erdtman (1), and the possibility that magnesium may other- 
wise affect phosphatase activity (1-4), it appeared to us that a change in 
the enzyme activity should be a primary result of magnesium deprivation, 
or a secondary result induced by impaired nutrition. 

In 1932, Kruse, Orent, and McCollum (5) demonstrated, conclusively, 
that magnesium is an essential element for certain bodily activities, growth, 
and life. These authors succeeded in preparing a diet containing only 
0.18 mg. per cent of magnesium, but otherwise adequate, which they fed 
to young rats. For the first time they were able to give a graphic descrip- 
tion of the spectacular series of symptoms which are characteristic of severe 
magnesium deficiency. The investigations of Tufts and Greenberg (6), 
who studied in rats the physical and chemical changes resulting from vary- 
ing levels of dietary magnesiur , afford a further insight into various degrees 
of m: snesium deficiency. Cért. observations made by these two groups 
of inv’ *igators (5, 6) are pert’ .aent to the consideration of the manner in 
which magnesium deprivation affects phosphatase activity. 

Orent, Kruse, and McCollum (7) reported a decrease in magnesium 
from 2.96 to 0.81 mg. per cent in the pooled blood serum samples from 
voung rats, weighing 35 t “ gm., which had received the magnesium- 
poor diet for 5days Wu g the course of magnesium deficiency impaired 
nutrition was seldom observed (5). Throughout an experimental period 
of 33 days the growth curves for the magnesium-deficient rats were found 
to be fair but not optimum. Anorexis and inanition, according to these 
authors, did not play a part in this decrease in the growth rate. The fact 
that their magnesium-deficient animals died before loss of weight occurred 
was regarded as particularly significant. 

In young dogs which had received the magnesium-low diet and in which 
the symptoms and sequelae of magnesium deficiency developed less rapidly 
than in the rat, Kruse, Orent, and McCollum (8) observed a marked dis- 


* Presented, in part, by title before the Thirty-fifth annual meeting of the Amer- 
ican Society of Biological Chemists at Chicago, April, 1941. 

t Now a member of the research staff of The Procter and Gamble Company, 
Ivorydale, Ohio 
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turbance in the blood lipids shortly after the serum magnesium reached the 
low level of 0.4 to 0.9 mg. per cent. This disturbance in the blood lipids 
was interpreted as evidence of a failure in the fat metabolism. 

Tufts and Greenberg (6), who employed diets containing 0.4 to 5.0 
mg. per cent of magnesium, were able to observe that the course of mag- 
nesium deficiency in the rat consisted of two fairly definite phases. Like 
Kruse, Orent, and McCollum (5), they observed that the prominent early 
symptoms of the deficiency are vasodilatation and hyperemia of the exposed 
skin areas. These symptoms were considered to be the chief manifesta- 
tions of the first phase. 

Tufts and Greenberg (6) state that the development of hyperexcitability, 
the beginning of nutritive failure, and the beginning of a rise in plasma 
magnesium apparently occur simultaneously, and mark the end of the first 
and the onset of the second phase of magnesium deficiency. The second 
phase was characterized as the period in which the development of mal- 
nutrition, cachexia, and kidney damage occur. These authors found little 
reduction of growth in the first phase of the deficiency, but a marked 
reduction in the second phase. On a diet containing 1.5 mg. per cent of 
magnesium the period of good growth was found to last 2 to 3 weeks, when 
a rapid decline in the rate of growth ensued, which sometimes led to a loss 
in weight 

Both groups of authors (5, 6) observed profound disturbances in the 
metabolism of calcium, magnesium, and phosphorus. Orent, Kruse, and 
McCollum (7) report that as early as the 5th day on the deficient diet, 
and thereafter for the duration of the survival period, the bones of their 
experimental animals yi lded more ash than did those of the controls. 
The increased weight of the bones was found to be due in large measure to 
the excessive deposition of caleitum during the first 5 days on the diet. 

Our data show that in the magnesium-deficient rat a marked decrease 
in the serum phosphatase activity occurs paralle] with, or immediately 
following, a drop in the serum magnesium to subnormal levels, and well 
before the signs of impaired nutrition are evident 


Tech nique and Methods 


The experimental diet was prepared according to the directions of 
Kruse, Orent, and McCollum (5). For the control diet, sufficient mag- 
nesium sulfate was included in the diet to give a magnesium content of 
approximately 53.9 mg. per cent. These diets were prepared in 2 kilo 
portions, and kept in closed glass containers in a refrigerator. The stock 
diet, from which the animals were transferred to the special diets, was a 
commercial preparation known as Purina fox chow. 

Young albino rats, weighing 47 to 118 gm., were restricted to the mag- 
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nesium-low diet, and litter mates of these animals were placed on the 
control diet, or allowed to remain on the stock diet. The amount of food 
and distilled water allotted daily to the animals was sufficient to allow 
consumption ad libitum. 

At the time intervals shown in Table I, the animals were placed under 
light ether anesthesia and bled by cardiac puncture. Sufficient blood 
serum was obtained for the estimation of individual serum inorganic 
phosphorus and phosphatase values, but in some instances it was necessary 
to determine calcium and magnesium on blended samples. 

Estimations of serum phosphatase activity were made by the Bodansky 
method (9). Stock chemical solutions, used in this method, were prepared 
in small quantities at frequent intervals and stored in a refrigerator. The 
suitability of working solutions, prepared from the stock reagents, was 
determined before each estimaticn of phosphorus. Measurements of the 
phosphatase activity in the blood sera of stock, control, and experimental 
animals were carried out simultaneously, immediately after the serum 
samples were obtained. For the determination of phosphatase activity, 
3 ml. of an aqueous solution of 6-glycerophosphate, buffered to pH 8.6, 
were incubated with 0.3 ml. of serum for 1 hour at 37°. Inorganic phos- 
phorus was determined on 0.5 ml. samples of serum. 

The phosphatase values reported in Table I were determined without 
added magnesium. Several estimations of phosphatase activity in the 
pooled blood sera of controls and of experimental animals with added 
magnesium ions in concentrations of 0.001 to 0.01 m revealed no significant 
change in the phosphatase activity ratio of the two serums. Thus there 
appeared to be an actual decrease in the phosphatase content of the serum 
of the magnesium-deficient animal. 

Calcium was determined on 1 to 2 ml. of serum by the Kramer and Tis- 
dall method (10) as modified by Tweedy and Koch (11). Serum mag- 
nesium was determined by Hoffman’s method (12). In most instances the 
amounts of magnesium in the blood serum of the magnesium-deficient 
animals were too small for direct estimation by the ordinary colorimeter. 
In some instances in which an attempt was made to determine the quanti- 
ties directly, the values are reported as being lower than 1 mg. per cent. 
In others, a known amount of magnesium was added to the calcium- and 
protein-free filtrate, and the apparent magnesium value determined by 


difference. 
Results 


With the exception of the animals which were on the magnesium-low 
diet for 2 or 3 days (Table 1), all other animals restricted to this ration 
exhibited the symptoms of vasodilatation and hyperemia during the course 
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of the experiment. These symptoms were first shown by the 28 day-old 
animals on the 4th day of the low magnesium regimen, but were not 
exhibited by the 48 day-old animals until the 9th day. 

Symptoms of hyperexcitability were usually shown by the 25 to 39 day- 
old animals while they were still in the hyperemic period. As the animals 
became increasingly excitable, convulsions were elicited in some of them, 
but chemical data on these are not included here. During the last week 
of the experimental period, the animals began to show loss of hair, particu- 
larly around the eyes and on the under surfaces of the jaws and neck. The 
change in the curvature of the nails, reported by Kruse, Orent, and MeCol- 
lum (5) after a longer experimental period, was not observed by us. 

After the 5th day of the experimental period, the gain in weight of ani- 
mals on the control diet was comparable to that of animals on the stock 
diet. The animals on the magnesium-deficient diet, however, showed a 
slower gain in weight than did their controls. In this connection Tufts 
and Greenberg (6) state that 70 to 75 per cent of the difference in weight 
gained by their magnesium-deficient rats and the controls could be ac- 
counted for by a decreased food intake. Although the consumption of food 
by our experimental animals was less than that of the controls, the daily 
intake remained fairly constant after the first 2 days on the diet. 

The serum calcium and inorganic phosphorus of the control animals 
show no significant variation from the values shown by the animals on the 
stock diet, but there is a slight shift in the Ca:P ratio in the serum of 
magnesium-deficient animals toward a higher calcium and a lower phos- 
phorus level. In the case of the serum magnesium, however, there is a 
marked difference between the values exhibited by the experimental 
animals and those seen in their controls. After a brief period of adjust- 
ment to the magnesium-low diet, a rapid decrease occurred in the serum 
magnesium of the experimental animals. By the 4th or 5th day, the serum 
magnesium of animals started on the diet at 28 days of age had been reduced 
to the low level of 0.8 mg. per cent. One animal in this group had a serum 
magnesium of 0.6 mg. per cent on the 9th day, and another a serum mag- 
nesium of 0.4 mg. per cent on the 16th day of the low magnesium regimen. 
By the 9th day, animals started on the diet at 48 days of age had entered 
the hyperemic period and showed low serum magnesium and phosphatase 
values. 

At the time the serum magnesium was rapidly decreasing, a slightly 
slower decrease in the serum phosphatase activity began. Three animals 
which were restricted to the magnesium-low diet for 2, 3, or 4 days had 
serum phosphatase activities of 70.3, 74.6, and 46.4 units, respectively 
(Table 1). Although the latter value is about half that shown on the 
same day by litter mates on the stock and control diets, it is still within 
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the normal range seen in the animals on the stock diet. The phosphatase 
activity of 22.5 units, shown by the magnesium-deficient rat on the 5th 
day, however, is definitely below the normal range seen in the animals 
on the stock diet, and less than the lowest value encountered in the control 
series. With the exception of the phosphatase activity of 47.7 units, 
shown by an experimental animal on the 14th day of the low magnesium 
regimen, no other instance was encountered in which the phosphatase 
activity of an experimental animal exceeded that of its control. 

The possibility that an increase in the unsaturated fatty acid content 
of the magnesium-low diet would influence the serum phosphatase activity 
of the magnesium-deficient rat was suggested by the experiments reported 
by Weil and Russell (13). From an investigation of the effects of the 
resorption and utilization of carbohydrate, protein, and lipid fractions of 
Purina dog chow, and various lipid derivatives, they reached the conclusion 
that certain unsaturated fatty acids are the dietary factors influencing 
plasma phosphatase activity in the rat. For obtaining the highest enzyme 
activity they found a diet containing 8 per cent of lard to be highly effective. 

The following experiment was carried out to determine whether an 
increase in the unsaturated fatty acid fraction of the diet by the substitu- 
tion of lard for butter would increase the serum phosphatase activity of 
the magnesium-deficient rat. Ten young male rats, average weight 150 
gm., were placed on the unaltered magnesium-low diet, which contained 8 
per cent of butter. After 12 days, five of these animals were transferred to 
a magnesium-low diet differing from the first in that it contained 8 per cent 
of lard instead of 8 per cent of butter. 6 days later the five animals 
which had been allowed to remain on the unaltered diet showed an average 
serum phosphatase activity of 32.5 units and an average serum magnesium 
of 1.36 mg. per cent. The five animals which had been transferred to the 
diet containing lard showed an average serum phosphatase of 25.7 units 
and an average serum magnesium of 1.85 mg. per cent. The average gain 
in weight of the animals transferred to the diet containing lard was slightly 
greater than that of the animals which remained on the unaltered diet. 
These data show that an increase in the unsaturated fatty acid fraction of 
the diet was ineffective in elevating the serum phosphatase activity of the 
magnesium-deficient rat. 

Both the stock diet and the control diet presumably contained sufficient 
magnesium for all of the bodily requirements; yet a marked difference is 
noted in the serum phosphatase values of the animals on these two rations. 
The results reported by Weil and Russell (13) suggest that the stock diet 
contained a larger fraction of the unsaturated fatty acids affecting serum 


phosphatase activity. 
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DISCUSSION 


When rats (Table I) 28 days of age were restricted to a magnesium- 
deficient diet, their serum magnesium began to decrease, and by the 4th 
or 5th day reached the subnormal level of 0.8 mg. per cent. As the serum 
magnesium approached its lowest normal level, apparently a decrease in 
the serum phosphatase activity was initiated. By the 5th day, when the 
serum magnesium had fallen to 0.8 mg. per cent, the serum phosphatase 
had diminished to 22.5 units. Although less pronounced in some instances, 
this depression in serum phosphatase activity did not appear to be trangi- 
tory, since it was observed consistently in experimental rats of different 
ages at various intervals between 4 and 30 days. 

Our observations, particularly with respect to the 28 day-old rats, indi- 
cate that we were dealing with a degree of magnesium deficiency very simi- 
lar to that described by Orent, Kruse, and McCollum (7) in rats 25 days 
of age. From a study of the mineral composition of the bones of control 
and magnesium-deficient rats, they discerned that concurrent with the 
rapid decrease in the serum magnesium of the latter the magnesium enter- 
ing the bones increased. The increase was slight, since retardation in the 
usual rate was evident by the 5th day on the diet, and by the 30th day the 
absolute amount of magnesium was less than half that in the controls. 
During the first 5 days on the magnesium-deficient diet, calcification of 
the bones of their experimental animals was greatly increased, but there- 
after the rate of calcification was comparable to that seen in the controls. 
These authors suggest that the abrupt return to a normal rate of calcifica- 
tion may have been due to the onset of puberty or to nutritive failure, 
similar to that seen in their magnesium-deficient dogs. The effects of 
magnesium deprivation on the osseous system are explained on the general 
ground of the close relationship which the metabolism of calcium, mag- 
nesium, and phosphorus bears to bone structure. 

Although the bones of our animals were not analyzed for their mineral 
content, the foregoing observations suggest that the decrease in the serum 
phosphatase activity was accompanied or immediately followed by a brief 
period of increasing calcification of the bones. That increasing calcifica- 
tion is accompanied by a fall in plasma phosphatase activity has been ob- 
served by several investigators. Kay (14) has shown that in certain gen- 
eralized diseases of bone, such as osteitis fibrosa, osteomalacia, and rickets, 
in which there is poor, or faulty, calcification, there is a high plasma phos- 
phatase activity. In certain cases of generalized osteitis fibrosa with defi- 
nite hyperparathyroidism in which parathyroidectomy was performed, a fall 
in plasma phosphatase corresponding with increasing calcification of the 
bones, as shown by x-ray, has been reported (15). With the resumption of 
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the normal rate of calcification in ricketic bone, a drop in serum phos- 
phatase activity has also been observed (16). 

In the absence of proof that nutritive failure precedes the fall in serum 
phosphatase activity of the rat subjected to magnesium deprivation, the 
decrease in serum phosphatase activity must be regarded as a primary res- 


sult of magnesium deprivation. Furthermore, our data in conjunction 


with the observations of Kruse, Orent, and McCollum (5) with respect to 
the first 5 days of magnesium deprivation, indicate that the fall in serum 
phosphatase activity is closely related to the effects of magnesium de- 


privation on the OSSeCOUS system. 


SUMMARY 


When rats, ranging from 25 to 48 days in age, were restricted to a mag- 
nesium-low diet, the subsequent decrease in serum magnesium was accom- 
panied or closely followed by a marked fall in the serum phosphatase 
activity. The drop in the enzyme activity did not appear to be transitory, 
since it was observed in several rats of different ages at various intervals 


throughout an experimental period of 29 days. 


The authors are glad to record their indebtedness to the Committee on 
Scientific Research of the American Medical Association for financial 


assistance (Grant 600) in the purchase of supplies. 
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THE SEXUAL VARIATION IN CARBOHYDRATE METABOLISM 
x. THE COMPARATIVE GLUCOSE TOLERANCE OF NORMAL RATS AND 
THOSE WITH FATTY LIVERS* 

By HARRY J. DEUEL, Jr., anv ADELLE DAVIS 


From the Department of Biochemistry, University of Southern California School of 
Medicine, Los Angeles) 


(Received for publication, August 24, 1942) 


Carbohydrate metabolism shows certain qualitative differences in male 
and female rats. Not only are the fasting levels of liver glycogen consist- 
ently higher in male rats (1), but the amount of liver glycogen deposited 
in the liver of normal and adrenalectomized rats administered large 
amounts of glucose is also considerably more in the male (2). In the latter 
case the differences are not to be ascribed to a variation in the rate of ab- 
sorption, since the higher rate of absorption seems to obtain in the female. 
It would seem probable that a higher level of blood sugar would be present 
n the female after the feeding of glucose if its removal as glycogen in the 
liver is slower 

Damage to the liver following chloroform or phosphorus poisoning has 
also been shown to result in elevated glucose tolerance curves in dogs (3). 
Moreover, Treadwell et al. (4) have recently found that there is a considera- 
ble reduction in glucose tolerance in rats having fatty livers produced by 
dietary means. 

The present study was designed to follow not only the differences in 
response of male and female rats to a glucose tolerance test, but also the 
effect of fatty livers produced by nutritional means on such a response. 


EXPERIMENTAL 

Male and female rats from our stock colony between 3 and 4 months old 
were used in the experiments. They were divided into four groups, two 
of which (Groups I and II) received our regular stock diet described 
elsewhere (5), while the other two groups received for 12 days the high fat, 
low protein diet employed earlier (6) except that 5 per cent of the cerelose 
was replaced with Cellu flour. Animals were fasted 24 hours before the 
glucose tolerance tests. 

After removal of a sample of blood to determine the control level, 200 
mg. of glucose per 100 gm. of body weight were given by stomach tube in 50 

* The data are from a thesis presented by Adelle Davis to the Graduate School of 
the University of Southern California in May, 1939, in partial fulfilment of the degree 
f Master of Science 
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650 CARBOHYDRATE METABOLISM. X 


per cent solution. Samples of blood were taken at 30, 60, 90, and 129 
minutes thereafter. The animals were then anesthetized with amytal, 
the liver removed, and the glycogen and lipid determined on aliquot sam. 
ples of the liver. 

Blood was collected from the tail in depressions on blocks of paraffin, 
Since preliminary tests showed that the blood sugar was elevated when the 
animal was moving or struggling, such movements were restricted by plae. 
ing the rat in a thick glass tubing, large enough to permit comfortable en- 
trance of the rat but no turning. Heavy wire netting was placed over one 
end and the opposite end was closed with a large cork through which a hole 
was cut for the animal’s tail. Animals were placed in the tube 15 minutes 
before the first determination. 

Blood sugar was determined by the Jegher and Myers (7) modification of 
the Folin micro blood sugar method, with the Klett-Summerson photo- 
electric colorimeter. Glycogen estimations were made by the technique of 
Good, Kramer, and Somogyi (8) with the Shaffer-Hartmann method. 
For the determination of liver lipids, the samples were dried to constant 
weight in a vacuum oven at 50°, after which they were extracted with di- 
ethyl ether on the Bailey-Walker extraction apparatus 


DISCUSSION 


The results of the experiments are summarized in Table I. Table II 
includes the statistical evaluation of the data. 

The blood sugar consistently reaches higher levels after the administra- 
tion of glucose in female rats than in male animals. However, on the basis 
of the Fisher t, none of the averages of the postprandial samples of the rats 
on the stock diet shows a sex difference which is statistically significant; 
only the 90 minute sample obtained from rats with fatty livers gave a dif- 
ference between the sexes which is statistically significant. When one 
makes the comparison on the basis of the increase in blood sugar over the 
fasting level, the variations are readily apparent with the groups receiving 
the high fat diet. While the actual rise in blood sugar over the fasting 
value in the males in Group III was 37, 31, 21, and 14 mg. respectively at 
the 30, 60, 90, and 120 minute periods, the corresponding increases in the 
blood glucose of female rats (Group IV) were found to be 58, 53, 62, and 
35 mg. The first three of these averages are statistically greater than the 
values in the male. 

Consistently higher blood sugar levels were noted after glucose in the 
rats having fatty livers than in the animals on the stock diet which had a 
normal liver lipid. These are significantly higher in all cases with the males 
but the actual extent of increase over the fasting level is almost identical 
in the two groups of male rats (Groups I and III). Thus, the successive 
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values in Group I are 35, 34, 24, and 10 mg. higher than the fasting level, 
while in Group III the corresponding rises are 37, 31, 21, and 14 mg. 


TABLE I 


Also 


Blood Sugar of Rats Previously Fasted 24 Hours before and after Administration of 


Group 
No 


Previous 
diet 


I Stock 


II 


I 


_ 


IV 


I 
IT 
Ill 
IV 


I | High fat 


200 Mg. of Glucose per 100 Gm. of Body Weight 


Sex yoeding 
M. 10 
I 10 
M. 12 
I 10 


Blood glucose, mg. per cent* 


where d is the deviation and n is the number of determinations. 


omparison 


Actual ble od 


sugar 


Increase in 


Groups 
compared 


I:1] 

III:1V 
I: 11] 
II: 1V 
ITI:1V 








Aver ane Liver : 
ase Aver | Time after glucose _ | Liver 
Ww eight age age | Fasting a oy lipid 
contro! | 30 60 90 120 
min. min. | min. | min. 
=e 
gm days | | per cent | per cent 
219 113 92 .6)127.9)126.1 116.1)103.0 0.74 4.30 
+6.1)+6.3/+6.6)+5.9/+6.1) 
137 94 | 100.8/148.0)139.0)122.1/112.0) 1.05 | 4.21 
| | 
+3.0/+5.7|-+5.4/+4.0/41.8| 
185 116 | 119.0)156.1/150.0/140.5)132.7| 0.97 | 21.7 
+4.2)+3.5)43.2 +4. 1)-+6.9) 
137 | 104 | 104.7)162.9/158.0 166.6|139.9| 0.52 | 32.7 
+3.0)+3.6)+5.7 +7 .8)-+4.2) 
Increase in blood glucose over fasting level 
l pe pig 
35 | 34 24 10 
47 | 38 | 20 | ll 
37 | 31 21 | 14 
58 | 53 | 62 | 35 
* Including the standard error of the mean calculated as follows: V3d?/n/Vn, 
TaBLeE II 
Statistical Evaluation of Blood Glucose Values of Rats 
Fisher ¢ (9 
With P Blood samples “a 
_—_— Fasting 30 min. 60 min. 90 min. | 120 min. 
2.84 1.15 2.21 1.44 0.73 2.14 
2.82 2.57 1.29 1.31 2.98 0.82 
2.82 3.45 3.88 3.30 3.36 3.04 
2.84 0.88 2.10 2.44 4.82 5.78 
2.82 2.88 3.53 4.24 1.68 
2.84 1.84 1.91 4.45 4.85 


blood 


sugar 


I1:1V 


the blood sugar values are significantly greater in the 90 and 120 minute 
periods in the female rats which had fatty livers when compared with those 


animals on the stock diet with a normal fat content in the liver. 


The 
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elevations in Group II (stock diet) for successive periods were 47, 38, 20, 
and 11 mg. compared with values in Group IV (high fat diet) of 58, 53, 62, 
and 35 meg. respectively The highe r blood sugar values which obtain 
after the administration of glucose to rats with fatty livers (as compared 
with these values where the rats received the stock diet and had a norma] 
lipid content) are suggestive of a mild diabetic type of tolerance curve, 
The greater severity of this phenomenon in the female is indicated not only 
by the higher actual level of blood sugar, but also by the greater elevation 
above the control level and the more prolonge d pe riod of hy pe rglvcemia., 


The greater elevation of blood sugar in the female is | 


est explained by a 
slower glvcogenesis, since there is no evidence of a marked variation in rate 
of al sorption. \fter administration of doses of glucose which allow maxi- 
mum absorption over as long a period as 8 hours, it was earlier demon- 
strated that there is a consistently higher level of liver glycogen in the male 
than in the female rat (2 Although this variation is also found in the 
present tests in the animals with fatty livers (in which the greatest sex 
differences in blood sugar were noted), the conditions were reversed in 
those previously on the stock diet. This discrepancy may be because 
equilibrium was not reached in the short pe riod 2 hours) or because the 


the whole 


doses were too small to bring about a maximum al sorption over 
time. However, not only have the sex differences in liver glycogen been 
found on fed animals but they have been noted on fasted rats by us (1) and 
others (10). The lowered carbohydrate reserve in the female also appears 
to be related to the ereater susceptibility of women to fasting ketonuria 

11) as well as the higher exogenous (12 and endogenous (6) ketonuria in 
the female rat. 

These experiments add confirmation to those of Treadwell et al 1) of 
the liver damage occasioned by the nutritional type of tatty livers John- 
ston and Deuel' have also noted that the ketolvtic action of substances may 
be lowered under conditions in which fatty livers occur. These authors 
have shown that under such conditions, sorbitol which normally brings 
about a greater glycogenesis in the liver than glucose, becomes markedly 


inferior as a glycogenic agent. 


In rats having fattv livers the extent of increase in blood glucose was 
greater in female than in male animals. 

‘| he blood glucose le Ve ls are significantly highs rin the rats of both sexes 
having fatty livers. In the males, the extent of increase over the fasting 
level is almost identical in the rats with and without fatty livers. How- 


ever, a significantly greater rise in blood sugar occurs after glucose in the 
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! Johnston. C. H nd Deuel, H. J., Jr., unpublished observation 
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female rats with fatty livers than in those possessing a normal fat quota 
in the liver. 
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A PROCEDURE FOR THE DETERMINATION OF ASCORBIC ACID 
BASED UPON THE USE OF A STANDARDIZED SOLUTION 
OF 2,6-DICHLOROPHENOL INDOPHENOL IN XYLENE 


By DORIS M. HIGHET* anp EDWARD 8S. WEST 


(From the Department of Biochemistry, University of Oregon Medical School, 
Portland) 


(Received for publication, October 5, 1942) 


The outstanding property of ascorbic acid is its strong reducing power, 
and most methods for its determination are based on this property. Till- 
mans, Hirsch, and Hirsch (1) introduced the use of 2,6-dichlorophenol 
indophenol as oxidizing agent for the titration of ascorbic acid. This 
method has been extended and developed by Bessey and King (2), Farmer 
and Abt (3), and others. In these procedures a standardized solution of 
the oxidized dye is titrated into an acid solution containing an unknown 
amount of ascorbic acid. Determination in this way is limited to clear, un- 
colored solutions. There is the possibility of error due to slow reduction 
of the dye by substances other than ascorbic acid. If the acidity of the 
solution titrated is too high, the dye fades owing to the acidity. The color 
end-point of the titration is not sharp and requires considerable experience 
for accurate work. 

Mindlin and Butler (4) have developed a procedure for the determination 
of ascorbic acid in plasma based upon photoelectric measurement of excess 
dye remaining in metaphosphoric acid filtrates after reaction between 
ascorbic acid and 2,6-dichlorophenol indophenol. These workers buffered 
their filtrates to pH 4.10 with sodium acetate and permitted reaction with 
the dye for only 30 seconds before taking readings. This procedure reduces 
errors due to excess acidity and slowly reducing substances. Bessey (5) 
has modified the method as used by Mindlin and Butler (4) by eliminating 
the necessity of clear and colorless filtrates. 

The discovery that oxidized 2,6-dichlorophenol indophenol can be 
quantitatively extracted from acid solution with xylene has resulted in the 
development of rapid methods for the determination of ascorbic acid by 
Bukatsch (6) and Stotz (7). In these methods the dye is allowed to remain 
in contact with the ascorbic acid solution for a short time (15 to 30 seconds), 
extracted into xylene by shaking and centrifugation, and the unreduced dye 
estimated by colorimetric reading. The oxidized indophenol in xylene is 
not affected by the acid solution or slowly reducing substances. 

* Taken from the thesis of Doris M. Highet presented in partial fulfilment of the 
requirements for the degree of Master of Science. Aided by a grant from the General 
tesearch Council of the Oregon State System of Higher Education. 
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The purpose of this report is to describe the development of a simple 
general method for the determination of ascorbic acid utilizing the solubility 
and stability of oxidized 2,6-dichlorophenol indophenol in xylene. While 
Bukatsch (6) and Stotz (7) added the dye to the solution to be tested, fol- 
lowed by extraction of unreduced dye with xylene and colorimetric reading, 
in the method reported here a standardized solution of dye in xylene which 
is shaken directly with the solution to be analyzed is used, followed by 
photoelectric measurement of unreduced dye remaining in the xylene layer, 


EXPERIMENTAL 


Apparatus—Klett-Summerson photoelectric colorimeter (8) with filter 
No. 540. 

Reagents 

1. 0.03 n HCL. 

2. Xylene, c.P. 

3. Saturated solution of rosin in kerosene. An excess of powdered rosin 
is allowed to stand in kerosene for several days. The solution is then 
filtered. e 

4. 2,6-Dichlorophenol indophenol in xylene. 0.1 gm. of 2,6-dichloro- 
phenol indophenol is extracted with two 25 cc. portions of boiling water, 
filtered, and diluted to 200 ce. When cool the solution is acidified with 
0.03 n HCl until red. 200 ec. of xylene are then added, and the mixture 
is shaken. The xylene-dye solution is washed by shaking with several 
200 ec. portions of 0.03 nN HCl. Careful washing prevents fading of the dye 
by the acid present in the solution to be analyzed. The xylene layer is 
separated and placed in a clean dry flask, and dried by shaking with anhy- 
drous sodium sulfate, followed by filtration. A portion of the concentrated 
xylene-dye solution is diluted to a definite photoelectric reading. A value 
of 150 was found satisfactory for our work. If the dilution is carried 
too far, the proper amount of more concentrated solution is added. Some 
concentrated solution should be reserved for this purpose. Xylene-dye 
solutions prepared in this way are quite stable if protected from prolonged 
exposure to light. 

After each analysis the xylene-dye and aqueous solutions are poured into 
a bottle. When considerable volume has accumulated, the mixture is 
filtered through a cotton plug and treated as follows: The xylene-dye solu- 
tion is separated from the aqueous layer, washed several times with 0.03 
N HCl, shaken with anhydrous sodium sulfate, filtered, and brought to 
standard reading by the addition of concentrated dye in xylene. Mixtures 
containing stannous chloride could not be adequately purified by this pro- 
cedure. Dye solutions recovered in such cases were always faded by 
shaking with 0.03 n HCl. 
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Procedure 1. Solutions Not Containing Protetn— 1 to 3 cc. of solution con- 
taining not more than 0.06 mg. of ascorbic acid is pipetted into a 75 ce. 
8 X 1 inch test-tube and diluted to 15 ec. with 0.03 N HCl. 10 ce. of the 
standardized xylene-dye solution are added. The test-tube is fitted with a 
rubber stopper and the mixture shaken for 15 seconds (50 to 60 excursions 
of a 90° arm sweep), poured into a 50 ec. centrifuge tube, and centrifuged 
for 5 minutes at 1000 R.p.m. 5c. or more of the xylene-dye solution are 
then poured into a colorimeter tube and read after the photoelectric colorim- 
eter has been adjusted to zero for xylene. The above procedure is applic- 
able to the determination of ascorbic acid in deeply colored fruit juices 
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Colorimeter Reading 


< 


Fig. 1. Coneentration curve of aseorbie acid 


(blackberry, huckleberry), citrus fruit juices, blood filtrates, urine, and 


other aqueous solutions not containing protein. 

Fig. 1 gives colorimeter readings plotted against known ascorbic acid 
concentrations as determined by Procedure 1. 

Procedure 2. Determination of Ascorbic Acid in Serum and Plasma 
The procedure is exactly as given in Procedure 1 with the exception that 1 
ce. of the rosin solution is added immediately after addition of the 0.03 
s HCl. Owing to the low concentration of ascorbic acid in blood serum 
and plasma, it is advisable to use 2 to 3 ce. 

It was found that, when 1 ec. of rosin in kerosene was added to 10 cc. of 


xvlene-dye solution reading 168, the dye solution was diluted to a 
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reading of 150. Accordingly, by using a dye solution reading 168, it 
was possible to compensate for dilution by the rosin solution and to use 
the curve obtained by Procedure 1. Since rosin solutions may vary, the 
dilution effect should be determined in each case and the reading of the dye 
solution adjusted accordingly. 

Previous work referred to showed that there are reducing substances 
other than ascorbic acid present in many biological solutions but that these 
substances generally reduce more slowly than does ascorbic acid. Because 
of this situation, less error, due to these non-ascorbic acid substances, is en- 
countered if the dye is in contact with the solution analyzed for only a short 
time. In results reported in this paper the reaction time was 15 seconds. 

Aqueous solutions containing 4 mg. per cent of reduced glutathione, 
cysteine hydrochloride, tannic acid, pyrogallol, and high dilutions of strong 
acids do not fade the xylene-dye when shaken with it for 15 seconds. 


TABLE I 
Concentration of Ascorbic Acid in Various Juices 
Juice sample (1 cc.) Dilution of sample Colorimeter reading Ascorbic acid 


me. per cent 


Orange. . ; 1:15 137 49 
Lemon 1:15 135 56 
Grapefruit 1:15 140 37 
Blackberry (canned). None 138 3 
Huckleberry - ; 126 6 


Preliminary work with fruit juices, including lemon, orange, grapefruit, 
blackberry, and huckleberry juice, showed that they cause fading of color 
when shaken with a solution of xylene-dye. Since these juices contain 
pigments, it was necessary to determine the solubility of these in xylene. 
When tested by the method, 10 cc. of the solvent being substituted for the 
xylene-dye, all gave zero readings, showing that the pigments do not inter- 
fere directly in the estimation of ascorbic acid by this method. A series of 
values for various fruit juices obtained by Procedure 1 is given in Table I. 

The method as used for the assay of pure ascorbic acid was found applic- 
able to the determination of ascorbic acid in 2 per cent metaphosphoric acid 
filtrates of blood plasma and blood serum. However, since the concentra- 
tion of ascorbic acid in these filtrates is very low, 0.4 to 2.5 mg. per cent, it is 
necessary to use an amount of filtrate equivalent to at least 1 ce. of the 
original fluid tested, followed by dilution to 15 ec. with 0.03 Nn HCl. 2 per 
cent metaphosphoric acid does not fade the dye. 

Direct measurement of ascorbic acid in blood plasma and serum was at- 
tempted with metaphosphoric acid as the acidifying agent. It was found 
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in each case that precipitation of the blood proteins by the acid resulted in 
the formation of an emulsion during shaking which prevented separation of 
the xylene-dye solution. Attempts to prevent the formation of these 
stable emulsions by the addition of various substances were unsuccessful. 
It was found that when 0.03 N HC] is substituted for metaphosphorie acid 


TaB_e II 


Concentration of Ascorbic Acid in Samples of Plasma and Serum 


Sample analyzed Condition of sample Colorimeter reading Ascorbic acid 
ce mg. per cent 
Serum l Old 150 0.00 
I 2 days in 148 0.50 
ice box 
| Fresh 144 1.50 
2 ” 145 0.67 
Plasma ] - 144 1.50 
l - 145 1.26 
2 a 139 1.37 
3 — 140 0.87 
3 - 137 1.08 


Taste III 
Comparison of Plasma Ascorbic Acid Values Determined by Xylene-Indophenol Method 
and by Method of Farmer and Abt (3) 


initia Xylene-dye method pega nn 
Sample analyzed Colorimeter reading Ascorbic acid Ascorbic acid 
( mg. per cent mg. per cent 
l l 144 1.50 1.59 
2 l 146 1.00 0.91 
3 1 145 1.25 1.32 
} l 147 0.75 0.72 
5 I 146 0.87 0.82 
6 2 142 1.00 1.00 
6 2° 149 1.00 
7 2 144 0.75 0.74 
8 2 143 0.87 0.8 


* Metaphosphorie acid filtrate of plasma 


no precipitation of proteins occurs but a stable emulsion is formed during 
shaking, which prevents separation of the xylene-dye solution. The sta- 
bility of this emulsion was investigated and it was found that, if a solution of 
rosin in kerosene is added to the sample in 0.03 N HCI before addition of the 
xylene-dye solution, the latter may be readily separated. 
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The stability of ascorbic acid in 0.03 N HCl was investigated. No 





destruction was observed over a period of 1 hour at. room temperature, 
Shaking the indophenol-xylene solution 15 seconds with 0.03 N HCl causes — | 
no fading of the dye. These findings led to the use of 0.03 N HCl in the 
determination of ascorbic acid in all solutions which are not required to 


stand more than 1 hour before assay. 


TaBLe [\ 


Concentration of Ascorbic Acid in Samples of Urine 


\ i | er 
Sample N ( ample Colo eter reading \ rb acid } s. wit 
» agent 
” per cer ” er cen 
l Fresh 138 3.00 
2 ys 143 1.75 | 
3 ” 147 0.75 0.75 
} 138 3.00 3.00 | 
5 138 3.00 2.75 | 
6 ae 35 5.75 3.75 
7 " 131 t.25 1.25 
Ss 24 hrs 150 0.00 
q Fresh 14] 2.25 | 
24 hrs 143 1.75 | 
TaBie \ 
Reco ‘ 40 isco hic 1; id {dded 0 | arious } 4idas 
Original ascorb 
to which 1 \ 
vas added 
”: p ” mr r » 
Urine 2.5 3.5 
2.0 3.0 
Orange juice 15.0 16.0 
Blood serum 1.25 2.25 


Plasma from oxalated blood which had been agitated as little as possible 
and immediately chilled, and serum taken as soon as clotting permitted, 
followed by chilling, were tested according to Procedure y - The results are 
given in Table I] 

Table III gives a comparison of ascorbic acid values in plasma as de- 


termined by the xvlene-dye method and the method of Farmer and Abt 


(3). The special micro burette of Farmer and Abt was not available and an 
ordinary 5 ce. micro burette was used. The results show good agreement 


when 2 cc. of plasma were used for determination by the xvlene-dye method. 
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Many preservatives were used in an attempt to prevent destruction of 
ascorbic acid in urine. Specimens containing 5 per cent HPOs, kept at 
room temperature, and those containing 2 per cent HPOs, kept in the ice 
box, showed no destruction of ascorbic acid in 24 hours. Since the cost of 
HPO, is high, its use for a large number of samples is rather expensive. 

24 hour specimens of urine containing a modification of Sendroy’s re- 
agent showed very little or no destruction of ascorbic acid when kept at 
room temperature. Sendroy’s reagent as modified and used for the preser- 
vation of ascorbic acid in urine is as follows: In each container used for a 24 
hour collection there are placed 75 ec. of 5 N sulfurie acid and 5 ee. of 8-hy- 
droxyquinoline solution (1.45 gm. of 8-hydroxyquinoline in 100 ec. of al- 
cohol ° 

Table IV summarizes results obtained on various urine samples. Pre- 
servative was used only as indicated. 1 ec. samples were used for analysis. 


TaBLe VI 
Effect of Ascorbic Acid Oxidase on Xylene-Dye Readings 


, Initial Colorimeter 
F] oe colorimeter Ascorbic acid reading after Ascorbic acid 
— reading oxidase 

r mg. per cent mg. per cent 
Urine l 145 1.25 150 0.00 
l 146 1.00 150 0.00 
] 138 3.00 150 0.00 
Serum 2 144 0.75 150 0.00 
™ 2 143 0.87 148 0.25 
y 4 139 1.37 150 0.00 


Ascorbie acid was added to various biological solutions of previously 
determined concentration. The recovery is shown in Table V. 

Ascorbic acid oxidase, as prepared and used by Sharp, Hand, and Guthrie 
9), was used to test the specificity of the method (Table VI). 0.1 ec. of the 
enzyme solutions used was capable of oxidizing completely 0.05 mg. of 
ascorbic acid in a volume of 5 ec. when permitted to stand at room tempera- 
ture for 30 minutes. 

The method has been satisfactorily applied to the determination of as- 
corbic acid in metaphosphoric acid filtrates of ground animal tissues. 


SUMMARY 


A simple method for the estimation of ascorbic acid in biological fluids 
based upon use of a standardized xylene solution of 2,6-dichlorophenol in- 
dophenol is described. 

The method has been found applicable to the determination of ascorbic 
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acid in various fruit juices including highly colored juices, urine, and blood 

plasma or serum. The analysis of plasma and serum ascorbic acid may be 

varried out directly upon the material without preparation of a filtrate. 
The method may be applied to metaphosphoric acid filtrates of tissues, 
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ELECTROPHORETIC PATTERNS, COLLOID OSMOTIC PRES- 
SURE, AND VISCOSITY OF SERUM DENATURED 
BY ULTRAVIOLET RADIATION 


By BERNARD D. DAVIS, ALEXANDER HOLLAENDER, anv JESSE P. 
GREENSTEIN 
(From the Division of Industrial Hygiene and the National Cancer Institute, National 
Institute of Health, Bethesda, Maryland) 


(Received for publication, October 8, 1942) 


It has long been known that ultraviolet radiation is one of the numerous 
agents which may denature proteins, and, as with other forms of denatura- 
tion, comparatively little is known of the precise molecular changes which 
are involved. Various reports describe as a consequence of irradiation 
an increase in viscosity of globulin (1), the appearance of sulfhydryl groups 
in egg albumin (2), a decrease in trichloroacetic acid-precipitable nitrogen 
in egg albumin, and an increase in dialyzable nitrogen (3, 4). Svedberg 
and Brohult (5) showed that irradiation of hemocyanin resulted in the 
splitting of this protein into half molecules; irradiation of hemoglobin, 
however, resulted in an inhomogeneous mixture of molecules both larger 
and smaller than normal. Sanigar et al. (6) found that irradiation caused 
aggregation and inhomogenization of human serum albumin. The ir- 
radiation of aqueous solutions of thymonucleic acid (7) resulted in a marked 
decrease in the properties of structural viscosity and streaming birefring- 
ence, which was interpreted as being due to a splitting of the thymonucleate 
into smaller, less asymmetric particles. 

In the present study we have investigated by the useof several criteria 
the effect of irradiation on serum and on certain protein fractions of the 
latter. The methods include viscosity determinations at various external 
pressures, electrophoretic analyses, and determinations of colloid osmotic 
pressure, 

Procedure 

The experiments were performed with undiluted horse serum, and with 
total protein, albumin, and globulin fractions obtained from human serum. 
The samples were divided in half, one portion being irradiated at 21-25° 
with occasional stirring in a stoppered quartz tube, the other portion being 
irradiated simultaneously in a stoppered Pyrex tube. The radiation con- 
sisted of 80 per cent at 2537 A., the residual 20 per cent being distributed 
over the spectrum from 2400 to 10,000 A. For details of the experimental 
technique and energy values see Hollaender et al. (7). 

The viscosity was determined in a Bingham and Jackson viscometer 
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at 30° + 0.01° at various external pressures. The results are expressed 
in terms of relative viscosity, with water as the standard of reference, 
The electrophoretic patterns were obtained in the Longsworth (8) modi- 
fication of the apparatus of Tiselius. Except where otherwise stated, 
electrophoresis took place in a buffer at pH 7.7 of 0.01 m phosphate plus 
0.1 N NaCl. 

The colloid osmotic pressure was determined at room temperature by 
the method of Hepp (9, 10), a collodion membrane being used. In this 
method the principle of connecting to the fluid in a fine capillary the 
thin layer of ultrafiltrate beneath a large membrane is employed. The 
pressure in the capillary is counterbalanced by a varying hydrostatic 
pressure until equilibrium is attained. Equilibrium is recognized by the 


absence of microscopically visible movement of the capillary meniscus. 


EXPOSED SERUM 


NTROL SERUM 


Fig. 1. The relative viscosity of horse serum (5.5 per cent) as a result of ultra 


viole tr idiation 


Because of the large filtering surface this method is quite rapid, giving 
the value of the colloid osmotic pressure within 15 to 20 minutes to an 


accuracy of 1 


per cent. The value remains constant usually for as long 
as 12 hours. Successive samples may replace each other on the same 
membrane, since the ultrafiltrate occupies only the small volume of a layer 
of filter paper beneath the membrane and hence rapidly readjusts itself 
to the new sample 


Re S ilts 


Viscosity—The progressive nature of the increase in viscosity with time 
of irradiation is shown in Fig. 1. The sample of horse serum was irradiated 
for about 280 hours. At intervals during this period the \ iscosity of both 
test and control samples was measured at an external pressure of 16.0 em. 
of water. The viscosity of the control serum (irradiated in Pyrex) did 
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not change appreciably during the irradiation period. On the other hand, 
there was a linear increase in the viscosity of the irradiated serum until 
about 11 days of irradiation, when the viscosity had increased almost 5 
times over that of the control. The latter remained clear throughout. 
The exposed serum became progressively more opalescent and then turbid 
during the irradiation period until about the 12th day, when precipitation 
began. No appreciable changes occurred in the content of inorganic 
phosphate and ammonia in either test or control samples. The pH de- 
creased from 7.3 to 7.0 in the former sample. 

At the end of the irradiation period, the viscosity of both portions of 
serum was determined at various external pressures (11). No change in 


TABLE | 
Effect of Irradiation on Colloid Osmotic Pressure 


Protein | Period of | Relative | Colloid 
congemi"® | icradiation | viscoaity* | osmotic 
per cent hrs mm. H2O 
Horse serum (control) 5.5 1.67 258-284 
( 5.5 24 2.25 207 
5.5 120 t.10 140 
5.5 72 3.20 158 
5.5 144 +.68 155 
‘ ‘ se 5.5 168 7.63 120 
Human serumf (control 6.48 1.64 331 
t (test 6.48 10 3.46 110 
ilbumin (control 6.24 1.45 398 
(test) 6.24 10 3.09 121 
globulin (control 6.96 2.27 189 
test) 6.96 10 3.82 134 


At 16.0 em. of H,O external pressure. 
Human serum total protein in saline-phosphate buffer. 


viscosity with pressure was evident in the control serum. On the other 
hand, there was a small but definite drop in the viscosity from 7.84 at 4.4 
em. of H.O to 7.16 at 20 em. of H.O in the case of the irradiated serum; 
i.e., the phenomenon of structural viscosity. The latter property suggests 
an over-all increase in the asymmetry of the protein molecules of the 
irradiated serum 

Colloid Osmotic Pressure—The colloid osmotic pressure of serum and of 
the serum proteins markedly decreased with irradiation. The results of 
representative experiments are given in TableI. Irradiation of horse serum 
for 3 to 7 day s approximately halved the osmotic pressure. 

The values given for the colloid osmotic pressure of the irradiated sam- 
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ples, which are those recorded after 4 hour of equilibration, are only approx- 
imate because of the anomalous behavior of this material. Whereas the 
osmotic pressure of normal serum deviates by only 1 to 2 mm. of H,O for 
hours after equilibration, the irradiated serum showed a progressive de- 
crease of pressure with time. Thus asample which measured 120 mm. after 
4 hour of equilibration in the osmometer, had decreased to 110 mm. by 1 
hour and 90 mm. by 12 hours. This may be explained by a progressive 
aggregation of the molecules in the test samples, by possible thixotropie 
behavior of the asymmetric denatured molecules, or by the presence of 
molecules small enough to escape slowly through the membrane. We are 
inclined to the latter view because of the fact that when irradiated serum 
was replaced on the membrane by normal serum of known osmotic pressure 
the pressure observed after the usual period of equilibration was lower than 
expected, and returned to the normal value only after several hours. This 
suggests that the ultrafiltrate from the denatured protein contained particles 
which slowly distributed themselves across the membrane when a new 
solution was introduced, and which lowered the observed pressure until 
that distribution was complete. 

Reduction of osmotic pressure and increase in viscosity (at 16 cm. of 
H,0 pressure) were observed also in the case of the human serum albumin 
and globulin fractions. The globulin fraction, however, showed a smaller 
relative change in osmotic pressure and in viscosity for the same period of 
irradiation than did the albumin or total serum protein solutions. This 
may be due to diminished penetration of light into the globulin solution, 
which was somewhat opalescent at the start of the experiment, and became 
more so during irradiation. The other solutions were clear but became 
opalescent during irradiation. 

The marked reduction in the colloid osmotic pressure of the samples 
following irradiation indicates that the average molecular weight of the 
proteins in these samples is considerably greater than in samples of normal 
sera, this increase most probably being due to molecular aggregation. 

Electrophoretic Patterns—Electrophoresis of the irradiated sera showed a 
progressive increase in homogeneity of the material, with formation of a 
new peak in the middle of the existing components (Fig.2). This new peak 
(labeled D for denatured) appears to be formed from the other components 
in the proportions in which they are present. Evidence for this is furnished 
by the fact that the D peak of 1 day-irradiated serum has the same mo- 
bility as that of 5 day-irradiated serum, although in the latter case a much 
larger proportion of the protein had been denatured. Proof of the iden- 
tity of the mobility was obtained in an electrophoretic analysis of a 
mixture of two samples which showed only one D component. 

The D peak is very narrow and steep. It is even steeper than an albumin 
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peak of the same total area. This striking sharpness may be partly due to 
a decreased diffusion constant which would be expected from the increased 
mean molecular weight and molecular asymmetry shown by the colloid 
osmotic pressure and structural viscosity. To insure that the observed 
homogeneity was not a coincidence due to crossing of mobility curves of 
more than one component at the pH studied, one sample of serum was also 
studied in phosphate buffer at pH 6.7 and in barbiturate at pH 8.5. The 
results were essentially the same as those found at pH 7.7. 

Mobilities were not measured in absolute units in this study, because 
compensatory hydrostatic shifting of the boundaries was necessary to 
obtain maximal separation of the components. In addition, since the 
mobility of a protein depends somewhat on the concentration of the other 
components around it, a truer estimate of the mobility of an unknown sub- 
stance may be obtained by comparing it with substances of known mobility, 
i.e., Viewing it against normal serum as a frame of reference. Such an 
experiment is seen in Fig. 2, in which a mixture of equal volumes of normal 
and of 3 day-irradiated serum was analyzed. It is seen that the D peak 
lies at about the position of 8-globulin—the position which would be ex- 
pected for a weighted mean of the mobilities of all the components present. 
The smaller components of the serum are obliterated by the base of the 
D component. 

To test the tentative hypothesis that the denatured protein represents 
electrophoretically a ‘“fusion’’ of the material present, a sample of human 
serum was separated by ammonium sulfate into the conventional albumin 
and globulin fractions, dialyzed until salt-free, and finally dialyzed against 
0.15 N NaCl buffered at pH 7.4 by 0.01 m phosphate. The samples were 
simultaneously irradiated for 40 hours. The globulin fraction underwent 
less change than the albumin (Table I). On electrophoretic analysis the 
albumin fraction, which was admixed with a small per cent of the slower 
globulins, ended after irradiation as essentially a single component moving 
slightly more slowly that the original albumin (Fig. 3). The globulin frac- 
tion, which consisted predominantly of slow components, ended similarly as 
a denatured component of approximately the mean mobility of the original 
components; 7.e., slightly slower than that of 6-globulin. In all these 
cases, the relative homogeneity of the denatured component was established 
by electrophoresis of the irradiated material, and the mobility by electro- 
phoresis of a mixture of this with normal serum. 

The extent of denaturation produced in the human serum protein and its 
two fractions by only 40 hours of irradiation, judged by any of the three 
criteria here used, was comparable to that produced by several days of 
irradiation of native horse serum. ‘The human serum proteins, however, 
were in saline-phosphate buffer rather than in their natural environment. 
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Fig. 2 Fig. 3 

Fig. 2. Diagrams of ascending boundaries, which were very symmetrical with 
descending boundaries. Phosphate buffer, pH 7.7. (a) Control horse serum. 
(b) Irradiated 1 day (c) Irradiated 3 days (d) Irradiated 5 days. Note the pro 
gressive increase, with irradiation, of the size and sharpness of the D boundary. 
e) Mixed equal amounts of normal serum (a) and 3 day-irradiated serum (c). Note 
the close resemblance to | day irradiated serum (b). (f) Mixed equal amounts of 
serum irradiated 1 day (b) and 5days (d). Note that the mobility of the D com 
ponent remains unaltered with further irradiation, for only one sharp peak is present 

Fic. 3. (a2) Human serum “albumin.’’ Note the admixture of true albumin with 
some a and 8. A, is the small portion of albumin which migrates more slowly than 
the main portion in barbital buffer of pH 8.5, in which all human samples were run. 
(6) Irradiated human serum albumin. (c) Mixed equal amounts of irradiated serum 
albumin and native human serum. Note that the D peak migrates slightiy more 
slowly than the A peak. (d) Human serum “‘globulin.’’ Irradiated globulin was 
too turbid to photograph well e) Mixed equal amounts of irradiated serum globu 
lin and native human serum. Note that the D peak of globulin migrates much 


more slowly than that of albumin. (f) Heat-denatured horse serun 


In another experiment on human serum prepared from citrated plasma by 
removal of the fibrin clot produced by the addition of CaCl, to a concentra- 
tion of 0.05 mM, complete coagulation was produced by only 4 hours of 
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irradiation. It appears that the denaturation produced by ultraviolet 
radiation may be affected by the ions present in the solution. 

To compare the effects of irradiation with those of heating, a sample of 
horse serum was heated at 60-65° for 8 hours, or until it had attained 
approximately the same degree of opalescence as the 5 day-irradiated mate- 
rial. The increased viscosity and electrophoretie homogeneity were very 
similar to those found after irradiation, but the drop in colloid osmotic 
pressure was of a lower order of magnitude. 

DISCUSSION 

The colloid osmotic pressure is a true measure of the mean molecular 
weight only when corrected for the non-ideal behavior of protein solutions 
and for Donnan equilibrium. The former correction is attainable by extra- 
polating to infinite dilution the values obtained by a series of dilutions, 
since protein solutions with increasing concentration exert a greater pressure 
per unit concentration. This correction accounts for roughly 40 per cent 
of the colloid osmotic pressure of serum; we assume that denaturation does 
not alter the order of magnitude of this correction. 

The Donnan equilibrium similarly accounts for about 20 per cent of the 
colloid osmotic pressure of serum; it may be eliminated by measurement at 
the isoelectric point, which cannot be done with denatured proteins because 
of their insolubility. From the fact, however, that the mean electrophoretic 
mobility of the denatured protein is about the same as that of the native 
protein, we know that there has been no significant change in the base bound 
and hence in the Donnan effect. In terms of colloid osmotic pressure, this 
constant Donnan correction becomes a larger proportion of the lower values 
obtained with the irradiated material. Hence, when the colloid osmotic 
pressure is halved following irradiation, the mean molecular weight is at 
least doubled. 

The remarkable electrophoretic homogeneity of the denatured serum 
suggests a corresponding homogeneity in composition (though not neces- 
sarily in particle size). There are several ways in which denaturation might 
alter electrophoretic mobility. First there is the alteration in the state of 
aggregation, as demonstrated by the colloid osmotic pressure. But there 
is no theoretical reason to expect particle size to affect mobility, provided 
the charge density and hence the ¢ potential remain constant. Denatura- 
tion may lower mobility by increasing the molecular asymmetry ; Abramson, 
Gorin, and Moyer (12) have presented calculations to indicate the effect 
of particle shape on mobility. Thirdly, it may alter mobility by changing 
the number of ionizable groups and the dissociation constants of such 
groups. Finally, denaturation might affect mobility by altering the actual 


~! 


composition of the particle in terms of amino acids. From the fact that 
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the irradiation of our preparation of ‘‘albumin” produced only the slight 
shift in mobility of the major component (true albumin), which would be 
expected from homogenization with the contaminating slower components, 
we assume that denaturation under these conditions has very little effect 
on the mobility of an electrophoretically pure substance. The changes 
observed would then be largely due to the chemically homogenizing pro- 
cess, rather than to changes within the molecule. 

This process may take place in two ways. The first would be aggrega- 
tion of the molecules in the proportions in which they are present, so that 
eventually all the particles present would be very large ones, with the same 
charge density. To produce the degree of electrophoretic homogeneity 
observed, such particles would have to be very large and would therefore 
contribute very little to the colloid osmotic pressure. The alternative 
mechanism would involve simultaneous splitting and recombination of the 
molecules, achieving electrical homogeneity without the exclusive formation 
of huge molecules. 

It is likely that splitting takes place, for the serum had retained half its 
colloid osmotic pressure when it had become 90 per cent homogeneous. 
There is reason from other sources, cited in the introduction (3-6), to 
believe that ultraviolet irradiation may involve fission of certain linkages. 
Our interpretation of the data at hand, then, is that ultraviolet denatura- 
tion involves first an unfolding and then a splitting and an aggregation of 
the molecules, producing molecules of similar charge distribution but 
widely varying particle size. The lowered colloid osmotic pressure would 
indicate a predominance of large aggregates. 

In this connection it is of interest to consider reports by other investiga- 
tors of changes produced in serum and in protein fractions thereof by other 
denaturing agents. Van der Scheer, Wyckoff, and Clarke (13) found that 
the heating of serum at 65° for a relatively short period of time resulted 
in the formation of a single colloidal component at the expense of the 
globulin and albumin components of the serum. We have confirmed this 
finding, and have also demonstrated the similar phenomenon produced by 
ultraviolet radiation. The work of Neurath and coworkers (14) on the 
denaturation of the serum proteins by urea and by guanidine hydrochloride 
has shown that these reagents produce a marked increase in the relative 
viscosity and a decrease in the diffusion constant. At 2 mM guanidine 
hydrochloride an aggregation of the pseudoglobulin molecules occurs, the 
mean molecular weight being about twice that of the native protein. At 
3 Mm concentration of the denaturant, the pseudoglobulin molecules split 
into halves as they unfold. It may be stated in general that the effect 
of various denaturing agents on the serum proteins is similar, but the magni- 
tude of the results obtained will vary with the intensity and nature of the 
agent employed. 
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SUMMARY 


1. Ultraviolet irradiation of horse and of human serum and of certain 
protein fractions of the latter results in a marked increase in relative 
viscosity and decrease in colloid osmotic pressure. The electrophoretic 
pattern becomes homogeneous, with approximately the mean mobility of 
the components initially present. 

2. In conjunction with evidence from other sources, it is concluded that 
the major effect of irradiation on serum proceeds through unfolding and 
splitting of the protein molecules with subsequent aggregation. 


The authors are indebted to the Department of Medicine of the Johns 
Hopkins Hospital for the electrophoretic analyses, which were performed 
by Mr. Edward Leszezynski. 
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A wide number of observations, reviewed by Fenn (1) recently, have 
indicated the importance of potassium in muscle physiology. Although 
numerous physical and chemical explanations have been advanced, the 
mechanism of potassium action has remained obscure. A relationship of 
potassium to carbohydrate metabolism has been indicated by several in- 
vestigations. The existence of a cycle in which potassium accompanies 
carbohydrate from muscle to liver and other viscera and back again has 
been suggested (2). Potassium has been found to increase the anaerobic 
fermentation of yeast and tumor tissue (3,4). Aerobic glycolysis by brain 
tissue is increased considerably by addition of an excess of potassium (5, 6). 
Pulver and Verzdr (7) have observed a close relation between potassium 
and glycogen formation in yeast. These effects of potassium on carbo- 
hydrate metabolism have been explained by a possible effect on glycogen 
synthesis or breakdown (7, 8). 

Recently experiments were undertaken in this laboratory to study the 
phosphorylation of creatine by muscle tissue. Needham and van Heyning- 
en (9), and Lehmann (10) have demonstrated phosphorylation of creatine 
from 3-phosphoglycerate and 2-phosphopyruvate by the use of old, well 
dialyzed, muscle extracts, additions of magnesium and adenylic acid being 
essential for phosphorylation. Belitzer (11) has obtained phosphorylation 
of creatine with carefully prepared, fresh, minced muscle tissue, with lactate 
and malate additions. 

During the course of our studies it was found that potassium was essential 
for the transfer of phosphate from 3-phosphoglycerate to creatine by 
muscle extracts. Experiments were thus conducted to study in more de- 
tail the relation of potassium to the phosphate transfers involved in the 


phosphorylation of creatine. 


Methods and Materials 
Muscle tissue preparations were prepared from rat muscle removed im- 
mediately after the animal was killed by a blow on the head, or while it was 
under ether anesthesia, a section from the mid-portion of the gastrocnemius 
* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by a grant from the Wisconsin Alumni 


Research Foundation. 
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being used. The tissue was rapidly weighed, and homogenized either with 
the phosphate buffer used or with distilled water by grinding with a pestle 
in a mortar with a small amount of washed sand. Minces, when used, 
were prepared by careful mincing with small scissors and suspending in 
phosphate buffer. The phosphate buffers used, unless otherwise indicated, 
were prepared by using appropriate amounts of NazgHPO, and KH»2PO,. 

Phosphocreatine was determined by the calcium precipitation method of 
Fiske and Subbarow (12) after deproteinization with 10 per cent trichloro- 
acetic acid and removal of the precipitate by centrifuging rapidly at 0°. 

The adenosine triphosphate was prepared by a modification of Loh- 
mann’s procedure (13) as used by Cori.! The 3-phosphoglyceric acid was 
prepared from fluoride-treated yeast by the method of Neuberg and Kobel 
(14).2, Phosphocreatine was synthesized by the method of Kiessling (15). 
2-Phosphopyruvic acid was prepared by the method of Zeile and Fa- 
waz (16). 

The adenosine triphosphate, 3-phosphoglycerate, and 2-phosphopyru- 
vate, obtained as barium salts, were freed of barium by dissolving in a 
minimum amount of HCl, adding slightly more NasSO, than was necessary 
for complete barium precipitation, centrifuging off the precipitate, and 
neutralizing with NaOH to approximately pH 7.4 (brom-thymol blue). 
All substrates and other additions were neutralized before use. 

The boiled muscle juice was prepared by dropping the muscle freshly 
removed from the front and hind legs of a rat into about 50 ee. of boiling 
water, boiling for 1} to 2 hours, and straining through several layers of 
cheese-cloth. After most of the trials on the stimulation of phosphorylation 
by muscle juice had been completed, it was noted that muscle juice addi- 
tions caused some interference in the phosphocreatine determination. This 
effect was tested on solutions of phosphocreatine, and it was found that 
additions of 0.3 ec. of muscle juice per cc. of solution decreased the amount 
of phosphocreatine measured by roughly one-fourth. Thus the observed 
stimulation of phosphorylation was probably somewhat greater than the 
results given indicate. In further studies it was possible to replace the 
muscle juice by potassium, and thus this interference was not further 
investigated. 


Results 
Studies on creatine phosphorylation were first made to ascertain whether 
phosphorylation could be obtained with fresh muscle extracts under con- 
ditions similar to those used by Needham and van Heyningen (9), Lehmann 
(10), and Belitzer (11), with either homogenized or minced preparations. 


‘ Cori, G. T., personal communication. 
* Kindly supplied by Dr. P. L. Pavcek. 
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In trials with muscle homogenates and lactate and malate additions, no 
phosphocreatine synthesis was obtained with conditions as shown in Table 
I. Additions of boiled muscle juice, for other possible activators, did not 
stimulate synthesis by homogenized tissue but made the synthesis possible 
by minced tissue. With 3-phosphoglycerate additions, in the absence of 
boiled muscle juice, synthesis could be obtained with minced but not with 
homogenized tissue. Synthesis of phosphocreatine by minces under these 


TaBLe I 
Effect of Various Conditions on Synthesis of Phosphocreatine by Muscle Tissue 
The samples were incubated with shaking at 38° in 25 cc. Erlenmeyer flasks. Each 
flask contained, per cc. of volume, 10 mg. of creatine, 0.125 mg. of Mg**, 0.05 mg. of 
adenylic acid, and about 50 mg. of fresh rat muscle tissue. 


Neat. Phosphate buffer Time | p a _ 
ment Other additions of incu- ——— of fd creatine 
No. | oH bation final | a a 

| volume | 
uw (| min ce y P per 
ce. 
] 0.0013 m malate 0.033 Ss 20 ‘Homogenized| 0 0 
0.075 m lactate 
0.0013 m malate 0.033 8 20 es 0.3 | O 
0.075 m lactate 
Yh 0.0013 m malate 0.045 7.4 40 Minced 0 | @O 
0.075 m lactate 
0.0013 m malate 0.045 7.4 40 os 0.3 | 8 
0.075 m lactate 
3 3-Phosphoglycerateft | 0.033 7 10 Homogenized 0 3 
si 0.033 7 10 se 0.3 23 
; “ 0.125) NasHPO.t | 10 «“ 0 3 
0.125 ™ 10 is 0.3 44 
5 ee 0.033 8 10 Minced 0 52 
0.033 Ss 10 ay 0.3 89 
* 150 mg. of tissue per cc. 
+ = 0.4 mg. of P. 
t Final pH = 8.7. 
conditions was very erratic. Additions of boiled muscle juice made pos- 


sible the transfer of phosphate from 3-phosphoglycerate to creatine by 
homogenates, and stimulated the transfer of minces, as shown by several 
experiments summarized in Table I. Increasing the pH resulted in a bet- 
ter synthesis of phosphocreatine, as would be expected from the results of 
Lehmann (10). The wide difference in the phosphorylating ability of 
minced and homogenized preparations, the activating effect of boiled 
muscle juice additions upon phosphorylation by minces, and the necessity 














676 POTASSIUM AND PHOSPHORYLATION 


of boiled muscle juice additions for phosphorylation of creatine with homog- 
enates indicated that some necessary component of the phosphorylating 
system was either being destroyed or diluted by the homogenizing process, 
Increases in the concentration of, or additions of, creatine, phosphate, 
adenylic acid, magnesium, or cozymase would not replace the boiled muscle 
juice. The effect of inorganic ions was then tried, and it was found that 
the addition of potassium ions resulted in a marked stimulation of phos- 
phocreatine synthesis. With potassium present a rapid transfer of phos- 
phate from 3-phosphoglycerate to creatine could be obtained in the absence 
of boiled muscle juice. This effect of potassium was manifest at pH 8.7, 


TaBLeE II 
Effect of Potassium on Transfer of Phosphate from 3-Phosphoglycerate to Creatine 
The samples were incubated with shaking at 38° for 20 minutes. Each flask 
contained, per cc. of volume, 10 mg. of creatine, 0.125 mg. of Mg**, 0.05 mg. of ade- 
nylic acid, 3-phosphoglycerate = 0.4 mg. of P, and 20 mg. of homogenized, fresh rat 


muscle. The total volume was 2 cc. 


Experiment P} i , KCl added NaCl added Phospho 
hosphate buffer, 0.062 m final final creatine syn 
- molarity molarity thesis 
y P per cc. 
l Na.HPO,* 0 0 3 
24 0.034 0 52 
0 0.043 0 
2 pH 7.4, Na salts used 0 0 3 
7 ae oo = ne 0.034 0 1] 
7.4, K lic 0 0 24 
7.4, sa oa 0.034 0 21 


* Final pH = 8.7. 


when maximum phosphocreatine synthesis was obtained, or at pH 7.4, 
and was irreplacable by sodium, as shown in Table IT. 

Additions of potassium in trials in which boiled juice was present in the 
amounts used in the first experiments resulted consistently in a further 
increase in phosphocreatine synthesis, while additions of sodium were with- 
out effect. If flasks were incubated for 10 to 20 minutes with all necessary 
components for creatine phosphorylation except potassium, no synthesis 
took place, but when potassium was added a marked synthesis of phospho- 
creatine resulted. These results indicated that the lack of synthesis of 
phosphocreatine in the absence of potassium was not caused by a disap- 
pearance of some essential component. 

The concentration of potassium necessary for maximum activation of 
the transfer of phosphate from 3-phosphoglycerate to creatine was found 
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to be 0.20 M, or 3 to 4 times the amount of potassium concentration in nor- 
mal rat muscle, as shown in Fig. 1. The phosphorylation was markedly 
increased by potassium concentrations as low as 0.0125 M, and nearly com- 
pletely inhibited by concentrations of 1.60 M. 

In the transfer of phosphate from 3-phosphoglycerate to creatine, adeno- 
sine triphosphate is formed (17, 18). Thus the possibility that potassium 
might effect the transfer of phosphate from adenosine triphosphate to 
creatine was studied. The findings of Myers and Mangun (19) which 
indicated that phosphocreatine might exist in tissues as a dipotassium salt 
suggested that this might be the case. The results of several experiments 
are given in Table III. In these experiments a short incubation time was 
necessary because of the rapid breakdown of adenosine triphosphate by 
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Fic. 1. The effect of potassium concentration upon the transfer of phosphate 
from 3-phosphoglycerate to creatine. The conditions were the same as in the ex- 


periments in Table V 


fresh muscle extracts. Sufficient adenosine triphosphate was added so 
that the amount of phosphocreatine formed was proportional to time for 
short periods when the tissue concentration was small. The transfer of 
phosphate from adenosine triphosphate to creatine took place equally well 
with or without additions of potassium. This transfer could be accom- 
plished with tissue concentrations as low as 2 mg. per cc., while with 
3-phosphoglycerate tissue concentrations of 8 to 15 mg. per cc. or above 
were necessary. On the basis of tissue weight the transfer of phosphate 
from adenosine triphosphate to creatine was 3 to 4 times more rapid than 
the transfer from 3-phosphoglycerate under similar conditions. Thus, 
these results indirectly indicated that potassium functioned in the phos- 
phate transfer from 3-phosphoglycerate to adenylic acid. 

Since 2-phosphopyruvate is first formed when creatine is phosphorylated 
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by 3-phosphoglycerate (10, 20, 21), the effect of potassium upon the phos- 
phate transfer from 2-phosphopyruvate to creatine was studied. The 
results obtained, as given in Table IV, show that potassium is essential 
for the phosphate transfer, as was the case with 3-phosphoglycerate. 
Calcium has been found to be inhibitory to potassium in various physio- 
logical effects (1); hence the effect of calcium on the phosphate transfer 


Tasie III 
Effect of Potassium on Phosphate Transfer from Adenosine Triphosphate to Creatine 


The samples were incubated with shaking for 5 minutes at 38°. Each flask con- 
tained 10 mg. of creatine and 0.125 mg. of Mg**. The total volume waslcec. Muscle 
was homogenized in the concentration of Na,HPO, used. The final pH was 8.7. 


Molarity of Adenosine Tissue KCI added Phosphocreatine 


Experiment No NasHPOs ae concentration *  # synthesis 
ane. fey me. per cc. > P per ce. 

l 0.017 0.14 9.4 0 21 

0.017 0.14 9.4 0.025 20 

2 0.10 0.14 8.3 0 35 

0.10 0.14 8.3 0.025 32 

3 0.10 0.23 2.1 0 26 

0.10 0.23 2.1 0.025 27 


TaBLeE IV 
Effect of Potassium on Phosphate Transfer from 2-Phosphopyruvate to Creatine 
The samples were incubated with shaking at 38°. Each flask contained 10 mg. of 
creatine, 0.125 mg. of Mg**, 0.1 mg. of adenylic acid, 2-phosphopyruvate = 0.12 mg. 
of P, and 12 to 13 mg. of homogenized, fresh rat muscle in 0.062 m Na,HPO, and 
0.01 per cent NaF. The total volume was 1 cc., the final pH 8.7. 


Phosphocreatine synthesis 
KCI added (final molarity) 


5 min. 10 min 
y P per cc. 7 P per cc 
0 7 | 12 
0.20 45 | 90 


from 3-phosphoglycerate to creatine was studied. As shown in Table V, 
the calcium had a definite inhibitory effect on the phosphate transfer, in 
concentrations much smaller than the amount of potassium present. The 
phosphorylation obtained in the presence of a certain calcium concentration 
could be increased by increasing the potassium concentration, if the original 
potassium concentration was less than that necessary for maximum activa- 
tion (Experiment 1, Table V). However, if the optimum potassium con- 
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centration was present, a decrease in phosphorylation resulted from a 
further increase in the potassium concentration (Experiment 2, Table V). 
Whenever there was calcium inhibition, the synthesis of phosphocreatine 
was more rapid during the first than during the second 10 minute incubation 


period. 

A limited number of experiments on the phosphate transfer from 3- 
phosphoglycerate to creatine have been made with acetone precipitates 
of fresh and dialyzed muscle extracts, prepared similarly to the procedure 
of Baranowski (22), and with extracts allowed to age. The acetone pre- 
cipitates retained only part of the activity of the fresh extract, but did not 
spontaneously dephosphorylate adenosine triphosphate. The phosphate 


TABLE V 
Calcium Inhibition of Phosphate Transfer from 3-Phosphoglycerate to Creatine 
| The samples were incubated with shaking at 38°. Each flask contained 10 mg. 
of creatine, 0.125 mg. of Mg*t, 0.1 mg. of adenylice acid, 3-phosphoglycerate = 0.4 
mg. of P, and 12 to 13 mg. of homogenized, fresh rat muscle in 0.062 m Na,HPO,. 
The total volume was 1 cc., final pH 8.7. 


Phosphocreatine synthesis 


Experiment No. Pn pe wal Ma dee ws od 
10 min 20 min. 
> P per ce. > P per ce. 
1 0.025 0 46 92 
0.05 0 55 104 
0.05 0.004 29 42 
0.05 0.012 2 3 
0.10 0.012 9 16 
2 0.20 0 88 173 
0.20 0.002 37 50 


0.40 0.002 19 11 


transfer from adenosine triphosphate to creatine by extracts prepared from 
acetone precipitates was not affected by potassium. However, this result 
by itself would be inconclusive, as potassium as well as protein is pre- 
cipitated by acetone. The aging of extracts from rat muscle in several 
trials has resulted in a decrease in the phosphorylating activity over that 
obtainable with fresh extracts under optimum conditions. 


DISCUSSION 
The results of these studies show that potassium has an essential réle 
in muscle in the transfer of phosphate from 3-phosphoglycerate or 2- 
phosphopyruvate to creatine, but not from adenosine triphosphate to 
creatine. Hence the results of our experiments indirectly indicate that 
potassium is essential for the phosphate transfer from 2-phosphopyruvate 
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to adenylic acid. This transfer may involve two enzyme systems (22), 
in either or both of which potassium might function. It is possible that 
potassium functions in other phosphorylations, besides the phosphorylation 
of creatine, which involve the adenylic system. 

The inhibition of the potassium stimulation of phosphorylation by eal- 
cium and the complete lack of effect of sodium are strikingly similar to 
results obtained in study of potassium “effects” in living tissues. Com- 
monly used solutions such as Ringer’s solution contain sufficient calcium 
to result in a marked inhibition. Recent results of Needham (23) and of 
Bailey (24) showed that calcium activated the adenosine triphosphatase 
activity of myosin preparations. It is possible that the inhibition by 
calcium may be the result of increased adenosine triphosphate breakdown. 
Further investigations are necessary to elucidate the mechanism of calcium 
inhibition. 

Belitzer, in his studies on creatine phosphorylation (11), found that if 
the muscle mince was not washed with isotonic phosphate solution the rate 
of phosphorylation was greatly decreased. This effect is readily explained 
by a further damage to the cell and hence a further dilution of potassium, 
Needham and van Heyningen (9) and Lehmann (10) obtained better phos- 
phorylation of creatine when muscle extracts were dialyzed for long periods, 
As they used 0.5 per cent potassium chloride solution for dialysis, the in- 
crease could be accounted for by the introduction of potassium into the 
extracts. These investigators also obtained better phosphorylation of 
creatine with old extracts. Under the conditions we used we found a de- 
crease in activity with aging of the extracts over that obtainable with fresh 
extracts under optimum conditions. With optimum conditions we were 
able to use smaller tissue concentrations and thus introduce less material 
responsible for spontaneous dephosphorvlation. The magnitude of the 
phosphorylation of creatine obtainable in our experiments, with 3-phospho- 
glycerate as a phosphate source, was equivalent to about 15 mg. of phos- 
phorus as phosphocreatine per gm. of fresh tissue in 20 minutes at 38°. 
This is roughly 15 to 30 times as great as the synthesis obtained in 30 
minutes at 20° by Needham and van Heyningen from 3-phosphoglycerate 
by use of dialyzed rabbit muscle extracts (9) and by Belitzer (11) who used 
muscle minces with lactate and malate additions. Thus under favorable 

conditions a high rate of phosphorylation can be obtained with fresh 
muscle preparations. 

The necessity of potassium for phosphorylation of the adenylic system 
would offer a possible explanation for the observed relationships to carbo- 
hydrate metabolism (2-4, 7,8). As potassium excess has also been shown 
to increase nerve respiration (5, 6), it is possible that the function of potas- 
sium in nerve may be in the phosphorylation processes. Brock and co- 
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workers (25) made the interesting observation that salivary gland slices 
| did not lose their excitability after prolonged soaking in a potassium-free 
medium, but after a single stimulation the addition of potassium was 
necessary in order to renew excitability. These results could be explained 
on the basis that potassium was essential for the formation of phosphory- 
lated components necessary for glandular activity, but not for the utiliza- 
tion of these components or the stimulation of the gland. 

The lack of phosphate transfer from 3-phosphoglycerate to creatine with 
tissue concentrations of less than 8 to 15 mg. per ec. might possibly be due 
to dilution effects, discussed by Potter and Schneider (26). With tissue 
concentrations of 8 to 15 mg. per ec. or above, the phosphorylation obtained 
under optimum conditions was proportional to the tissue concentration. 


SUMMARY 

Studies on the phosphorylation of creatine by rat muscle extracts have 
been made and the following results obtained. 

The transfer of phosphate from 3-phosphoglycerate to creatine by homo- 
genized fresh muscle tissue with creatine, adenylic acid, magnesium, and 
phosphate buffer additions could not be obtained unless boiled muscle 
juice preparations were added. Phosphorylation by minced tissue under 
these conditions was erratic and was greatly stimulated by addition of 
boiled muscle juice. It was found possible to replace the boiled muscle 
juice by potassium additions. The stimulating effect of potassium was 
irreplacable by sodium. Under optimum conditions a high rate of phos- 
phorylation of creatine with fresh extracts could be obtained. 

Potassium was found essential for the transfer of phosphate from either 
3-phosphoglycerate or 2-phosphopyruvate to creatine, but not for the 
transfer from adenosine triphosphate to creatine. These results indicate 
indirectly that potassium acts in the phosphorylation of the adenylic system. 

The transfer of phosphate from 3-phosphoglycerate to creatine in the 
presence of added potassium was inhibited by relatively small concentra- 
tions of caletum 

The optimum concentration of potassium for the phosphate transfer from 
3-phosphoglycerate to creatine was 0.20m. However, lower concentrations 
allowed a marked phosphorylation to take place. High concentrations of 
potassium resulted in nearly complete inhibition of the phosphate transfer. 
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LETTERS TO THE EDITORS 





THE ROLE OF THE AMINO ACIDS IN HUMAN NUTRITION* 


Sirs: 

In previous publications from this laboratory, it has been shown that 
ten of the twenty-two amino acids generally recognized as components of 
proteins are indispensable dietary constituents for animals. Of these 
acids, nine are essential for growth, and even for maintenance. The 
tenth, arginine, is not necessary for fairly satisfactory growth, but is re- 
quired for maximum increases in weight. 

We are now engaged in determining the amino acid requirements of the 
human species. Two healthy young men, weighing 60 and 63.7 kilos 
respectively, are serving as the subjects. The make-up of the diets will be 
detailed at a later date. At the moment, it is sufficient to state that each 
diet furnishes 7.02 gm. of nitrogen daily, of which more than 95 per cent 
is in the form of a mixture of the ten amino acids known to be indispensable 
The diets differ slightly with respect to their carbohydrate 


for animals, 
The vita- 


content, and yield 2980 and 3190 calories per day respectively. 
mins are supplied in daily doses of cod liver oil, and appropriate quantities 
of crystalline thiamine hydrochloride, riboflavin, pyridoxine hydrochloride, 
cotinamide, ascorbic acid, calcium pantothenate, a-tocopherol, and 2- 
The unidentified factors are obtained from 


Ti? 


methyl-1 ,4-naphthoquinone. 
a concentrate of liver equivalent to 5 gm. daily of Wilson’s “‘liver powder 


1:20.” 
In preliminary tests, attempts were made to induce nitrogen equilibrium 


i 
by diets containing 5.66 gm. of nitrogen. This level proved to be slightly 


too low. When the nitrogen consumption was raised to 7.02 gm. daily, 


equilibrium was established promptly in both subjects, and persisted 


throughout the fore period of 8 days. The fact that equilibrium can be 


maintained so readily by diets containing only ten amino acids demon- 
strates that the twelve acids, previously shown to be dispensable for rats and 
doas, are also dispe nsable for man. 
\t the expiration of the fore period, valine was removed from the food, 
nd the other amino acids were increased sufficiently to provide a constant 
The effects of this change were profound. Immedi- 


nitrogen content. 
ately, each subject manifested a negative nitrogen balance. On the 4th 
\ided by grants from the Nutrition Foundation, Inc., and the Rockefeller 
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day, the nitrogen output exceeded the intake by 2.19 and 2.91 gm. respec- 
tively. Valine was then returned to the food, and was followed quickly 
by the reestablishment of positive nitrogen balances. 

After 6 days upon the complete diets, methionine was excluded from the 
food for a period of 6 days. Again the subjects lost more nitrogen than 
was ingested, although the negative balances (0.51 and 1.60, respectively) 
were not so large as after valine deprivation. Immediately after the 
administration of methionine, positive balances ensued. 

The above observations demonstrate that valine and methionine are 
indispensable dietary components for man. The investigation is being 
continued, and the réle of the remaining eight amino acids will be 
announced in the near future. 


Division of Biochemistry WiiuiaM C. Rose 
Noyes Laboratory of Chemistry Wiiui1am J. HaINes 
University of Illinois Jutius E. JoHNsON 


Urbana 
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TRANSMETHYLATION AS A METABOLIC PROCESS IN MAN* 
Sir: ; 

The S-methyl group of dietary methionine has been shown to be the 
precursor of the methyl groups of tissue choline and creatine and of urinary 
creatinine in the albino rat.!. In the present communication we wish to 
report that the process of transmethylation occurs in the human. By the 
isotope technique we have been able to establish that the methyl group of 
dietary methionine can be used by man in the synthesis of choline and 
creatinine. 

The subject, a normal adult male (J. P. C.), ingested 6 gm. of tri- 
deuteriomethionine (73.3 atom per cent deuterium in the methyl group) 
over a period of 3 days. The test compound was taken in four 500 mg. 
doses at intervals during each day and 24 hour urine samples were collected. 


The subject consumed a diet, adequate in calories, in which the carbo- 


Deuterium in Deuterium in { 
Time Compound isolated isolated methyl group —~ xX 100 
compound A B 
r atom per cent alom per cent 
0-24 Urinary creatinine 0.05 + 0.02 0.12 + 0.05 0.16 + 0.06 
95-48 “6 6 0.13 + 0.02 0.30 + 0.05 0.41 + 0.06 
19-72 se e 0.17 + 0.02 0.40 + 0.05 0.54 + 0.06 
72 Blood choline 0.89 + 0.06 14 +0.1 19 +0.1 


* B is the deuterium content of the methyl group of ingested methionine, 7.e. 73.3 


atom per cent. 


hydrate level was high and in which the protein, mainly of cereal origin, 
amounted to about 30 gm. per day. 

The creatinine was isolated from each 24 hour urine sample as creatinine 
zinc chloride by the method of Benedict.2 The purity of the salt was 
determined colorimetrically by the Jaffe reaction. 1.2 gm. of creatinine 
zine chloride were obtained from the urine of the Ist day, 1.4 gm. from 
that of the 2nd day, and 0.9 gm. from that of the 3rd day. 

At the close of the 72 hour experimental period 350 ec. of blood were 
withdrawn for the isolation of choline. The citrated blood was treated 
with 2 volumes of aleohol and the precipitated blood proteins were ex- 


— 


The authors wish to acknowledge a grant in aid by the Nutrition Foundation, 
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tracted three times with boiling alcohol. After the alcohol had been 
removed from the combined protein filtrate and extracts, the aqueous 
residue was treated with sufficient barium hydroxide to give a 5 per cent 
solution and was refluxed for 2 hours. Choline was isolated as the chloro- 
platinate from the hydrolysate in the usual way;'! 80 mg. of choline 
chloroplatinate were obtained. 
inalysis—Calculated, Pt 31.7; found, Pt 31.4 

The deuterium contents of the isolated compounds are given in the 
accompanying table. 
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determination, 
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Drabkin, 605 
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stitution, Drabkin, 605 
Carbon suboxide: Proteins and, Tracy 
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Carboxylic acid: Di-, tyrosine metabo- 
lites, excretion, administration ef- 
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Sumner, 215 
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inactivation, effect, Friedenwald and 


Herrmann, 11] 
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Chlorobenzoyl: p-, derivative, tobacco 
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Collagen: Acid-base-binding capacity, 
Theis and Jacoby, 163 
Colpidium campylum: Growth factors, 
Peterson, 537 


Coumarin: 
droxy- 


3,3’-Methylenebis(4-hy- 

vitamin C excretion and 

hypoprothrombinemia, effect, Bau- 
mann, Field, Overman, and Link, 

7 

Creatine: Blood, determination, colori- 

metric, Peters, 179 

Muscle, vitamin E 

tocophe rol effect, Houchin and Mat- 

till. 301 


deficiency, a- 


Urine, determination, colorimetric, 
Peters, 179 
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metric, Peters, 179 
Urine, determination, colorimetric, 
Peters, 179 
Cyanide: Cytochrome c derivatives, 


chemical constitution, Drabkin, 605 
Hemoglobin derivatives, chemical con- 
stitution, Drabkin, 605 
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lanthionine effect, Jones, Divine, and 
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Hess and Sullivan, 381 
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effect, Hess and Sullivan, 381 
Dog, Hess and Sullivan, 381 
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evanide derivatives, chemical con- 
stitution, Drabkin 605 
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Dehydroascorbic acid: Decarboxylation, 
ninhydrin effect, West and Rinehart, 
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Blectr »phore tic mobili 
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ties, Cohen, 171] 
Desthiobiotin: Biotin chemical constitu 
tion, relation, du Vigneaud, Melville, 
Folkers. Wolf, Mozingo, Keresztesy, 


ind Har 175 
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states, solubility and composition, 
Van Slyke, Hiller, and Dillon, 137 
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excretion, administration effect, Sea- 
lock, 503 

Dichlorophenol indophenol: 2,6-, as- 
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Highet and West, 655 

Diphosphopyridine: Nucleotide, Fusa- 
rium fermentation, alcoholic, in 
vivo, Gould, Tytell, and Jaffe, 219 

Drop analysis: Quantitative, Sandkuhle, 


Kirk, and Cunningham, 427 

E 
Endiol compound(s): Ninhydrin reac- 
tion, West and Rinehart, 105 
Enzyme(s): Fats, unsaturated, peroxida- 


tion, carotene oxidation, relation, 
Sumner, 215 
See also Esterase, Lipoxidase, Malonyl 
pepsin, Oxidase, Phosphatase 
Epinephrine: See also Adrenalin 
Escherichia coli: Phosphopyruvate re- 
actions, metal ions, effect, Utter and 


Werkman, 289 
Esterase: Choline, physostigmine effect, 
Eadie, 85 
, prostigmine effect, Eadie, 85 
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cephalin, separation, Folch, 35 
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influenzae use, Hoagland and Ward, 


115 

Fat(s): Metabolism, lung, MacLachlan, 
45 

Rancid, biotin inactivation, Pavcek and 
Shull, 351 


Unsaturated, peroxidation, enzymic, 
carotene oxidation, relation, S amner, 

215 

Feces: Hemoglobin and heme pigments, 
determination, Flink and Watson, 


171 

Feed (s Nicotinie acid, Hale, Davis, 
and Baldwin, 565 
Ferritin: Granick, 151 
Spleen, properties, Granick, 151 
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Fusarium: Biochemistry, Gould, Tytell, Carbon monoxide derivatives, chemi- 


and Jaffe, 219 


G 
Gas: 


paratus, 


Respiratory, determination, ap- 
Scholander, 159 


Globin: Electrophoresis, Reiner, Moore, 
Lang, and Green, 583 
Glucose: Tolerance, normal and fatty 
livers, sexual variation, Deuel and 
Davis, 649 
Glycerophosphoric acid: Phosphatides, 
nature, Folch, 31 
Glycine: Glycyl-, ionization, aqueous 
solution, Smith and Smith, 187 


solubility and 
composition, Van Slyke, Hiller, and 
Dillon, 137 
Glycogen: 


Phospho-12-tungstates, 


Liver, d(+)-histidine effect, 


Fe ati erstone and Be rg, 131 

, [(—)-histidine effect, Featherstone 
and Berg, 131 
Glycylglycine: Ionization, aqueous solu 
tion, Smith and Smith, 187 
Gramicidin: Bacteria, metabolism, ef 
fect, Dubos, Hotchkiss, and Coburn, 

$2] 

Growth: Acetobacter suboxrydans, p- 


aminobenzoic acid effect, Lampen, 
Underkofler, and Peterson, 277 


Factor. Colp di im campyl im, Pe fe rson, 
rQ” 
ood 

Mesolanthionine effect, cystine-defi- 


anda Horn, 


cient diet, Jones, Divine, 


571 
Nicotinamide effect, Handler and 
Dann. 357 


Heme: Pigments, blood plasma, deter 


mination, Flink and Watsor 171 
feces, determination, Flink and 
Watson, 171 
urine, determination, Flink and 
Watson, 171 
Hemicellulose(s Forage plants, Ben 
nett, 107 
Hemoglobin: Blood plasn letermina- 
tion, Flink and Watson, 171 


cal constitution, Drabkin, 605 
Cyanide derivatives, chemical consti- 
tution, Drabkin, 605 
Feces, determination, Flink and Wat- 
son, 171 
Pyridine derivatives, chemical con- 
stitution, Drabkin, 605 
Urine, determination, Flink and Wat- 
son, 171 
Hemophilus influenzae: Factor V de- 


termination, use in, Hoagland and 


Ward, 115 
Hemorrhage: Sweet clover disease, 
Baumann, Field, Overman, and Link, 

7 

Hexose(s Brain phospholipid forma- 
tion in vitro, radioactive phosphorus 


in study, effect, Schachner, Fries, 


and Chaikoff, 95 
Histidine: d(+)-, liver glycogen, effect, 
Featherstone and Berg, 131 
l(—)-, liver glycogen, effect, Feather- 
stone and Berg, 131 


Metabolism, intermediary, urocanic 
acid, relation, Darby and Lewis, 225 
Hydrogen ion concentration: Lactobacil- 


vitamin determina- 


} 
lus casei 


growth, 
tion, Silber and M ushett 271 
Hydrogen sulfide: Radioactive sulfur- 
containing, Tarver and Schmidt, 69 
Hypoprothrombinemia: 


cretion ind, 3,3’ 


Vitamin C ex- 
methylenebis (4- 
coumarin) effect, Baumann, 


Link, 7 


hydroxy 
Field, Overman, and 


I 


Inositol: Phosphatid 


brain e phalin, 
separation, Folch, 38 


Ketene: Parathyroid hormor 


tion. Wood and Ross, 59 


Lactation: Mammary gland, lactic acid 
non-utilization, Powell and Shaw, 
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Lactic acid: Mammary gland, lactating, 
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non-utilization, Powell and Shaw, | Methionine—continued: 
207 sulfur distribution, ingestion effect, 
Lactobacillus: p-Aminobenzoic acid Tarver and Schmidt, 69 
determination, use, Lewis, 441 —,—, synthesis, Tarver and Schmidt, 
Lactobacillus casei: Growth, hydrogen 69 
ion concentration change, vitamin Sulfur, taurine sulfur conversion, Tar- 
determination, use, Silber and ver and Schmidt, 69 
V ushett, 271 | Methylenebis(4 - hydroxycoumarin): 
Lactogenic hormone: Pituitary, Li, 3,3’-, vitamin C excretion and hypo- 
Simpson, and Evans, 627 prothrombinemia, effect, Baumann, 
Li. 633 Field, Overman, and Link, 7 
diffusion and viscosity measure- | Microbial action: Anti-, wheat protein, 
ments, Li. 633 crystalline, phosphatide reversal, ef- 
, isolation, Li, Simpson, and Evans, fect, Woolley and Krampitz, 273 
627 | Muscle: Chloride, vitamin E deficiency, 


Lanthionine: Determination, Hess and 
Sullivan, 15 


Meso-, growth effect, cystine-deficient 
diet, Jones, Divine, and Horn, 571 
Lipid (s Oxidase, Sumner, 211, 215 
Phospho-. See Phospholipid 
Lipoxidase: Specificity, Sumner, 211 
Liver: Fatty, glucose tolerance, sexual 
variation, Deuel and Davis, 649 
Glycogen, d(+)-histidine effect, 
Featherstone and Berg, 131 
_ l(—)-histidine effect, Featherstone 
and Be rd, 131 
Lung (s Fat metabolism, MacLachlan, 
45 
Lysine: Dakin, 237 
M 
Magnesium: -Deficient diet, blood serum 
phosphatase, effect Snyder and 
Tweedy, 639 
Malonyl pepsin: Tracy and Ross, 63 
Mammary gland: Lactating, lactic acid 
non-utilization, Powell and Shaw, 
207 
Mesolanthionine: Growth effect, 
cystine-deficient diet, Jones, Divine, 
and Horn, 571 
Metabolism: Transmethylation and, 
Simmonds and du Vigne aud, 685 


Metal: Ions, phosphopyruvate reaction, 
Escherichia col effect, Utter and 
Werkman, 289 

Methionine: Radioactive, sulfur-con- 
taining, bod protein radioactive 


a-tocopherol effect, Houchin and 
Mattill, 301 
Creatine, vitamin E deficiency, a- 
tocopherol effect, Houchin and Mat- 
till, 301 
Dystrophy, a-tocopherol phosphate 
effect, Houchin and Maittill, 309 
Oxidation, a-tocopherol and phosphate 
derivative, in vitro, effect, Houchin, 
313 

Oxygen consumption, vitamin E de- 


ficiency, a-tocopherol effect, Hou- 
chin and Maittill, 301 
Phosphorylations, potassium  rédle, 
Boyer, Lardy, and Phillips, 673 
Tocopherols, determination, chemical, 
Devlin and Mattill, 123 
N 

Nicotinamide: Growth, effect, Handler 
and Dann, 357 
Nucleotides, carbohydrate group, iden- 
tification, Schlenk, 619 
Nicotinic acid: Feeds, Hale, Davis, and 
Baldwin, 565 
Plant, determination, chemical, Hale, 
Davis, and Baldwin, 553 
Ninhbydrin: Ascorbic acid and, reaction, 
West and Rinehart, 105 
Endiol compounds and, reaction, West 
and Rinehart, 105 


Amino. See Amino nitrogen 
Ribose, electrophoretic 
Cohen, {71 


Nitrogen: 
Nucleic acid(s 


mobilities, 
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Nucleotide (s Diphosphopyridine, Fu- 
sartum fermentation, alcoholic, in 
vivo, Gould, Tytell, and Jaffe, 219 

Nicotinamide, carbohydrate group, 

identification, Schlenk, 619 

Nucleus: See Cell 

Nutrition: Amino acids, réle, Rose, 

Haines, and Johnson, 683 


O 


Ornithine: Dakin, 937 
Oxalic acid: Fate, Adolph and Liang, 
197 


Oxidase: Amine, inactivation, catechol 
and adrenalin derivatives, effect, 
Friedenwald and Herrmann, $11 

Cytochrome, spectrum, Melnick, 385 
Lipid, Sumner, 211, 215 

Oxygen: Blood, saturation determina- 
tion, colorimetric, micro Lowry, 
Smith. and Cohen, 519 

Body fluids, determination, micro-, 
polarographic, Beecher. Follansbee, 
Murphy, and Craig, 197 

Consumption, muscle, vitamin E de- 
ficiency, a tocopherol effect, Hou- 
chin and Maitill, 301 


P 


Parathyroid: Hormone, ketene acetyla 


tion, Wood and Ross, 59 
, nature, Ross and Wood. 19 
. purification, Ross and Wood, 19 


Pentose(s Brain phospholipid forma 
tion in tro, radioactive pl osphorus 
in studv. effect, Sci achner. Fries, 
and Chaikoff 95 


Pepsin: Malonvl, Trac yand Ross, bo 


Peptide Ss /-Serine, synthesis, Fruion, 
163 

Perosis: Choline analogues, effect, 
Jukes and Welch, 19 


Phenolic group(s Tobacco mosaic 


virus, adenat 
Viller. 339 


tion measurement Dy, 


rivatives, determination, 


derivatives, re lation, Ville P. 


345 
Phosphatase: Blood serum, magnesium- 
deficient diet, effect, Snyde and 


nn . 7 
Tweedy, O49 


Phosphatide (s): Glycerophosphorie 
acid, nature, Folch, 31 
Inositol, brain cephalin, separation, 
Folch, 35 
Reversal, wheat protein, crystalline, 


antimicrobial action, Woolley and 


Krampitz, 27: 
Phosphatidyl ethanolamine: Brain 
cephalin, separation, Folch, 35 
Phosphatidyl serine: Brain cephalin, 
separation, Folch, 35 


Phospholipid(s): Brain, formation in 
vilro, radioactive phosphorus in 
study, hexose and pentose effect, 
Schachner, Fries. and Chaik ff, 95 

Phosphopyruvate: Reactions, Escheri- 


chia coli. metal Ions, ¢ ffect. Utter and 


Werkman, 289 
Phosphorus: Radioactive, brain phos- 
pholipid formation in vitro, study 
with, hexose ind pentose effect, 
Schachne r. Frise s, and ( ‘haikoff, 95 
Phosphorylation: Muscle, potassium rdéle, 
Boyer, Lardy, and Phillips. 673 


Phospho-12-tungstate (s Diamino 
acids, solubility and composition, 
Van Slyke, Hiller, and Dillon, 137 

Glycine, solubility and composition, 
Van Slyke, Hiller, and Dillon, 137 
Proline, 
Van Slyke, Hiller, and Dillon 137 
Tryptophane, solubility and com posi 
tion, Van Slyke, Hiller, and Dillon. 
137 

Physostigmine: Choline esterase, effect, 
Eadie, 85 


He mie blood plasma, ce - 


solubility and composition, 


Pigment (s 
termination, Flink and Watson, 171 
feces, determination, Flink and 
Vatson, l 


urine, determination, Flink and 


a atson., 171 
Pituitary: Lactogeni hormone, Li, 
Sumpson, anda Evans, 627 
Li. 633 


_ diffusion and viscosity measure 


ments, Li, 633 
isolation, Li, Simpson, and 
Evans, 627 
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‘ | Respiration: Gases, determination, ap- 
mt: paratus, Scholander, 159 
99° Riboflavin: Determination, microbio- 


phosphorylations, 


Wegner, Kemmerer, and Fraps, 
Thiamine and, 
Sure and Ford, 


673 : 
‘ metabolism 


logical, sample preparation, effect, 


5A7 


relation, 


241 


glucuronidate 


Potassium: Muscle 
réle, Boyer, Lardy, and Phillips, 
Pregnancy: Urine, n-butanol and, so- 
dium __ pregnanediol 


distribution, 


Alle n, 


Woolf, V 


and 
323 


lergiver, 





Ribose: Desoxy-, electrophoretic mobil- 
ities, Cohen, 471 
Ribose nucleic acid(s): Electrophoretic 


Pregnanediol glucuronidate: Sodium, mobilities. Cohen. 471 
n-butanol and pregnancy urine, 
distribution, Woolf, Viergiver, and 
Allen, 323 , 

Proline: Phospho-12-tungstates, solu- | Serine: Determination, colorimetric, 
bility and composition, Van Slyke, Boyd and Logan, 279 
Hiller, and Dillon, 137 l-, peptides, synthesis, Fruton, 463 

Prostigmine: Choline esterase, effect, Phosphatidyl, brain cephalin, separa- 
Eadie. 85 tion, Folch, 35 

Protein (s Carbon suboxide and, | Sex: Carbohydrate metabolism, effect, 
Tracy and Ross, 63 Deuel and Davis, 649 

Cellular nuclei. Mayer and Gulick. 433 Glucose tolerance, normal and fatty 
Molecules, electron micrographs, Stan- livers, effect, Deuel and Davis, 649 
ley and Anderson, 25 Spectrophotometry: Drabkin, 605 


Radioactive sulfur distribution, 


dietary methionine radioactive sul- 
fur-containing, ingestion effect, Tar- 
er and Schmidt, 69 


radioactive sulfur, ingestion 


effect. Tarver and Schmidt, 69 
Wheat, crystalline, phosphatide 
reversal, antimicrobial action, Wool- 
ley and Krampitz, 273 


Prothrombinemia: See also Hypopro- 


thrombinemia 
Protozoa: See also Colpidium campylum 


Pyridine: Cytochrome c derivatives, 


chemical constitution, Drabkin, 605 
Diphospho-, Fusarium fermentation, 
aleoholic, } 0, Gr ald, T ytell, and 
Jaffe. 219 
Hemoglobin derivatives, chemical con 
stitution, Drabkin, 605 

Q 
Quinone(s): Tocopheryl-, determina- 
tion, colorimetric oxidation-reduc 
mn, Scudi and Buhs, l 


Sphingomyelin: Body tissue, occurrence 


and turnover, Hunter and Levy, 577 
Tumor-bearing rats, occurrence and 
turnover, Hunter and Levy, 577 


Spleen: Ferritin, properties, Granick, 
451 
Sulfur: Methionine, taurine sulfur con- 


version, Tarver and Schmidt, 69 
Radioactive, Tarver and Schmidt, 69 


body protein radioactive sulfur 
distribution, ingestion effect, Tarver 
and Schmidt, 69 
Taurine, methionine sulfur, conver- 
sion, Tarver and Schmidt, 69 


T 

Taurine: Sulfur, methionine sulfur, con- 
version, T'arver and Schmidt, 69 
Thiamine: Riboflavin and, metabolism 
relation, Sure and Ford, 241 
Urine, determination, Prebluda- 
McCollum reaction, Alexander and 
Levi, 399 


._ thiochrome method, Mason and 
Williams, 589 
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Thiophenevaleric acid: Biotin relation, 
Melville, Moyer, Hofmann, and du 


Vigneaud, 487 
Thrombin: Purification, Seegers and 
McGinty, 511 


Tobacco: Mosaic virus, carbobenzoxy, 
p-chlorobenzoyl, and _benzenesul- 
fonyl derivatives, Miller and Stanley, 


331 

, denaturation, measurement by 
phenolic groups, Miller, 339 
, derivatives, Miller and Stanley, 
331 


Miller, 339, 345 
- , —, phenolic groups, determina- 
tion, tyrosine derivatives, relation, 


Miller, 345 
Tocopherol(s): a-, muscle oxidation, 
in vitro, effect, Houchin, 313 


oxygen consumption, creatine, 

and chloride, vitamin E deficiency, 

effect, Houchin and Maittill, 301 

—, phosphate derivative, muscle oxida- 
tion in vitro, effect, Houchin, 


313 

-, muscle dystrophy, effect, 
Houchin and Maitill, 309 
Determination, colorimetric oxidation- 
reduction, Scudi and Buhs, l 
Muscle, determination, chemical, Dev- 
lin and Maitill, 12% 


Tocopherylquinone(s): Determination, 
colorimetric oxidation-reduction, 
Scudi and Buhs, 1] 


Transmethylation: Metabolism rdle, 


Simmonds and du Vigneaud, 685 
Tryptophane: Phospho-12-tungstates, 
solubility and composition, Van 
lyke, Hiller, and Dillon, 137 
Tumor: Bearing rats, sphingomyelin 
occurrence and turnover, Hunter and 
Levy, 577 


Tyrocidine: Bacteria, metabolism, effect, 
Dubos, Hotchkiss, and Coburn, 121 
Tyrosine: Derivatives, tobacco mosaic 
virus phenolic groups, determina- 
tion, relation, Willer, 345 
Metabolites, excretion, dicarboxylic 


acid administration effect, Sealock, 


503 

U 
Urea: Blood, determination,  colori- 
metric, Ormsby, 595 
Urine, determination, colorimetric, 
Ormsby, 595 
Urine: Creatine determination, colori- 
metric, Peters, 179 
Creatinine determination, colorimetric, 
Peters, 179 


Hemoglobin and heme pigments, de- 
termination, Flink and Watson, 

171 

Pregnancy, n-butanol and, sodium 

pregnanediol glucuronidate distribu- 

tion, Woolf, Viergiver, and Allen, 

323 

Thiamine, determination, Prebluda- 

McCollum reaction, Alerander and 


Levi, 399 

, thiochrome method, Mason and 
Williams, 589 
Urea, determination, colorimetric, 


Ormsby, 595 
Urocanic acid: 
intermediary, relation, Darby and 


Lewis, 225 


Histidine metabolism, 


V 


Valeric acid: Thiophe ne-, biotin relation, 
Velville, Moyer, Hofmann, and du 
Vigneaud, 487 

Virus: Tobacco mosaic 
p-chlorobenzoyl, and benzenesul- 


( arbobenzoxy, 


fonyl derivatives, Viller and Stanley, 
331 

denaturation, measurement by 
phenolic groups, Mill 339 
, derivatives, Miller and Stanley, 
331 

Viller, 339, 345 
phenolic groups, determina- 

tion, tyrosine derivatives, relation, 


Viller, 345 
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excretion and hypo- 
3,3’-methylene- 


Vitamin(s): C, 
prothrombinemia, 


bis (4-hydroxycoumarin ) effect, 
Baumann, Field, Overman, and Link, 

7 

Determination, Lactobacillus  caset 


growth, hydrogen ion concentration 


change as measure, Silber and 
oy 


Mushett, ad 


E deficiency, muscle oxygen consump- 
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Vitamin(s)—continued: 
tion, creatine, and chloride, a-toco- 
pherol effect, Houchin and Mattill, 
301 


Interrelationships, Sure and Ford, 241 
WwW 


Wheat: Protein, crystalline, phosphatide 
reversal, antimicrobial action, Wool- 
ley and Krampiiz, 273 
Work: See also Muscle 
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